
Division of Infectious Diseases
Inflammation Center

Helsinki University Hospital

Doctoral Programme in Clinical Research 
Faculty of Medicine, University of Helsinki

STUDIES ON BLOODSTREAM INFECTIONS 
AND INFECTIVE ENDOCARDITIS

Mika Halavaara

DOCTORAL DISSERTATION

To be presented for public discussion with the permission of the Faculty of 
Medicine, University of Helsinki, in Auditorium II, Haartman Institute,

Haartmaninkatu 3, on the 25th of September, 2020, at 12 noon.

Helsinki, Finland 2020
 



Supervisors 
 

Docent Veli-Jukka Anttila, MD, PhD 
Division of Infectious Diseases, Inflammation Center 
Helsinki University Hospital, Helsinki, Finland 
 
Docent Timi Martelius, MD, PhD 
Division of Infectious Diseases, Inflammation Center 
Helsinki University Hospital, Helsinki, Finland 

Reviewers
 

Docent Ulla Hohenthal, MD, PhD 
Department of Infectious Diseases, Division of Medicine 
Turku University Hospital, Turku, Finland 
 
Professor Risto Vuento, MD, PhD 
Department of Microbiology  
Fimlab Laboratories Ltd, Tampere 
University of Tampere, Tampere, Finland 

 
 
 

Opponent
 
Docent Reetta Huttunen, MD, PhD 
Department of Internal Medicine 
Tampere University Hospital 
University of Tampere, Tampere, Finland 

 
 

 
 

The Faculty of Medicine uses the Urkund system (plagiarism recognition) to 
examine all doctoral dissertations. 
 
 
ISBN 978-951-51-6465-0 (paperback) 
ISBN 978-951-51-6466-7 (PDF) 
 
Unigrafia 
Helsinki 2020 

 
 



 

3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
To my Family & Friends
You’ll never walk alone



4 

CONTENTS

Contents .................................................................................................................. 4 

Abstract .................................................................................................................. 8 

List of original publications.................................................................................. 10 

Abbreviations ........................................................................................................ 11 

1 Introduction .................................................................................................... 12 

2 Review of the literature .................................................................................. 14 

2.1 Bloodstream infections ............................................................................ 14 

2.1.1 Incidence and burden of disease ...................................................... 14 

2.1.2 Management, source of infection and microbiology ....................... 15 

2.1.3 Definition and diagnosis .................................................................. 16 

2.1.4 Recognition of bacteria from positive blood cultures, the 
MALDI-TOF method, and clinician´s view................................................. 17 

2.1.5 Importance of appropriate antibiotic treatment ............................. 21 

2.1.6 Clinical impact of MALDI-TOF based techniques ...........................22 

2.1.7 When should a clinician order blood cultures? ............................... 23 

2.1.8 Blood culture positivity in skin and skin structure infections ........ 25 

2.1.8.1 Microbiological findings from positive blood cultures ........26 

2.1.8.2 Factors associated with blood culture sampling .................. 27 

2.1.8.3 Factors associated with blood culture positivity.................. 27 

2.2 Infective endocarditis ............................................................................. 28 

2.2.1 Diagnosis and clinical picture ......................................................... 28 

2.2.2 Determining the etiology ................................................................. 31 

2.2.2.1 Blood culture ........................................................................ 31 

2.2.2.2 Serology and PCR ................................................................. 31 



 

5 

2.2.2.3 Microbial sampling of the resected endocardial 
material… ............................................................................................ 32 

2.2.2.4 Impact of pre-operative antimicrobial treatment on 
the yield of valve cultures and PCR .................................................... 33 

2.2.3 Epidemiology ................................................................................... 33 

2.2.4 Risk Factors ..................................................................................... 34 

2.2.5 Mode of acquisition ......................................................................... 35 

2.2.5.1 Health care-associated IE (HAIE) ....................................... 35 

2.2.5.2 Intravenous drug use-related IE (IDUEI) ........................... 36 

2.2.6 Prosthetic valve IE ........................................................................... 38 

2.2.7 Causative microbes of IE ................................................................. 38 

2.2.8 Treatment and outcome ................................................................. 40 

2.2.9 Changing clinical picture of IE ........................................................ 43 

3 Aims of the study ............................................................................................ 44 

4 Materials and methods ................................................................................... 45 

4.1 Study I: Impact of si-MALDI-TOF on antibiotic treatment of 
bloodstream infections .................................................................................... 45 

4.1.1 Study design and patient population ............................................... 45 

4.1.2 Study groups and identification of bacteria in HUSLAB ................ 45 

4.1.3 Study definitions .............................................................................. 46 

4.2 Study II: Factors associated with blood culture positivity in 
patients with complicated skin and skin structure infection .......................... 47 

4.2.1 Study design and patient population ............................................... 47 

4.2.2 Study definitions .............................................................................. 47 

4.3 Study III: Impact of pre-operative antibiotic treatment on 
microbial findings from resected endocardial material ..................................48 

4.3.1 Patients and study design ................................................................48 

4.3.2 Microbiological procedures .............................................................48 

4.3.3 Study definitions .............................................................................. 49 



6 

4.4 Study IV: Three different clinical entities of infective 
endocarditis ..................................................................................................... 50 

4.4.1 Study design .................................................................................... 50 

4.4.2 Patient population ........................................................................... 51 

4.4.3 Study definitions .............................................................................. 51 

4.5 Statistical methods (Studies I-IV) ........................................................... 52 

4.6 Compliance with ethical standards ......................................................... 53 

5 Results ............................................................................................................. 54 

5.1 Study I: Impact of si-MALDI-TOF on antibiotic treatment of 
bloodstream infections..................................................................................... 54 

5.1.1 Patients, study groups, focus/source of infection and 
outcome of BSIs ........................................................................................... 54 

5.1.2 Microbiology and antibiotic treatment ............................................ 54 

5.1.3 Impact of si-MALDI-TOF analysis on antibiotic treatment ............ 56 

5.2 Stuy II: Factors associated with blood culture positivity in 
patients with complicated skin and skin structure infection .......................... 57 

5.2.1 Study cohort, blood culture positivity and results ........................... 57 

5.2.2 Factors associated with blood culture sampling ............................. 57 

5.2.3 Factors associated with blood culture positivity .............................58 

5.3 Study III: Impact of pre-operative antibiotic treatment on 
microbial findings from endocardial specimens ............................................. 59 

5.3.1 Patient demographics, clinical features and outcome ..................... 59 

5.3.2 Microbiology of blood cultures, valve cultures and PCR ............... 60 

5.3.3 Diagnostic impact of the PCR result ................................................ 61 

5.3.4 Impact of the duration of the pre-operative antibiotic 
treatment on the yield of the valve culture and PCR .................................. 61 

5.3.5 IE caused by Bartonella quintana, Coxiella burnetii and 
Tropheryma whipplei (cases from Studies III and IV) ...............................62 

5.4 Study IV: Three different clinical entities of infective 
endocarditis ......................................................................................................62 



 

7 

5.4.1 Patients ............................................................................................. 62 

5.4.2 Location of IE ................................................................................... 64 

5.4.3 Etiology ............................................................................................ 65 

5.4.4 Complication of IE ........................................................................... 65 

5.4.5 Treatment and outcome .................................................................. 66 

6 Discussion ....................................................................................................... 67 

6.1 Study I: Impact of si-MALDI-TOF on antibiotic treatment of 
bloodstream infections .................................................................................... 67 

6.2 Study II: Factors associated with blood culture positivity in 
patients with cSSSI .......................................................................................... 69 

6.3 Study III: Impact of pre-operative antibiotic treatment on 
microbial findings from resected endocardial material .................................. 71 

6.4 Study IV: Three different clinical entities of infective 
endocarditis ...................................................................................................... 73 

6.5 Future considerations ............................................................................. 76 

7 Conclusions ..................................................................................................... 78 

8 Acknowledgements......................................................................................... 79 

9 References....................................................................................................... 82 

 



 

8 

ABSTRACT

Diagnosis and treatment of bloodstream infections (BSIs) and infective 
endocarditis (IE) remain a challenge to treating physicians. Determining the 
microorganisms responsible is of major importance. New microbiological methods 
have emerged in the diagnosis of these entities with blood cultures remaining as a 
cornerstone. Changing epidemiology of IE and its risk groups pose a challenge to 
their treatment. BSIs and IE both contribute to a major morbidity and mortality. 
Hence, optimal treatment of these entities is imperative. 

Study I evaluated the impact of new microbiological method, short incubation 
matrix assisted laser desorption/ionization time-of-flight mass spectrometry (si-
MALDI-TOF), on the antimicrobial treatment of BSIs caused by Pseudomonas 
aeruginosa, Enterococcus spp. and AmpC-producing Enterobacteriaceae when 
introduced into a routine clinical setting. Patients were treated at Helsinki 
University Hospital (HUS) between February 2014 and March 2015. In 69 episodes 
si-MALDI-TOF identified the causative agent and in 55 episodes conventional 
identification methods were used. Identification by si-MALDI-TOF lead to 12.8% 
increase in episodes in which patients received appropriate antimicrobial treatment 
within 48 hours after the blood culture draw, which was the primary endpoint. In 
BSIs caused by Enterococcus spp. (n=62) the observed increase in appropriate 
antimicrobial treatment was 22.4% (87.9% vs 65.5%, P=0.038). In a subgroup of 
patients with immunosuppression si-MALDI-TOF method was observed to offer a 
significant benefit. Implementation of si-MALDI-TOF into a routine clinical setting 
was associated with an increased proportion of patients with appropriate antibiotic 
treatment within 48 hours after blood culture draw, especially in case of 
enterococcal BSIs. 

Study II explored bacteremia in patients with complicated skin and skin 
structure infections (cSSSI) in a population-based study including 460 patients 
with cSSSI from Helsinki, Finland and Gothenburg, Sweden. Blood cultures were 
positive in nearly one-fourth of those 258 patients from whom they were obtained. 
Diabetes, symptom duration less than two days and higher CRP level were 
associated with more frequent blood culture sampling, whereas surgical wound 
infection and peripheral artery disease were associated with less frequent blood 
culture sampling. None of the factors associated with blood culture drawing were 
found to be associated with blood culture positivity. Alcohol abuse was the only 
distinct patient characteristic associated with blood culture positivity. Patients with 
bacteremia had antibiotic treatment streamlined more often compared to non-
bacteremic patients, which demonstrates a clear benefit of the information acquired 
from positive blood cultures. Given the high percentage of bacteremia amongst 
those from whom blood was cultured, difficulties in predicting patients with 
bacteremia and benefit of the information acquired from positive blood cultures, 
clinicians should order blood cultures from patients with cSSSI with low threshold. 
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Study III evaluated the impact of pre-operative antimicrobial treatment 
duration on the yield of valve cultures and bacterial 16S PCR obtained during 
surgery for IE and the diagnostic value of PCR. The study cohort included 87 
surgically treated IE patients from HUS between years 2011-2016 and from whom 
valve culture and PCR sample from resected endocardial material were obtained. 
None of the patients with preoperative antimicrobial treatment duration longer 
than two weeks had positive valve cultures. PCR positivity was 91% in those 
patients with antimicrobial treatment duration less than two weeks and 53% in 
those with more than two weeks. In PCR positive cases preoperative antimicrobial 
treatment duration was significantly shorter than in PCR negative cases. PCR 
sampling had a diagnostic impact in one-sixth of the cases. Pre-operative treatment 
duration was shown to have a negative effect on the yield of both valve cultures and 
PCR. PCR sampling had added diagnostic value, especially in blood culture 
negative cases. 

Study IV was a population-based study including all adult patients diagnosed 
with IE in Helsinki University Hospital Area between 2013 and 2017. The objective 
of this study was to describe the epidemiology, the spectrum of the microorganisms 
responsible for IE, clinical picture and the treatment and outcome of IE in the 
study region. Another objective was to determine the proportions of IE episodes 
according to the source of infection (i.e., mode of acquisition) and to define the 
characteristics of these groups and compare their differences. In all, 313 episodes of 
IE originating from 292 patients were included in the study cohort. Staphylococcus 
aureus was the leading cause accounting for one-third of the cases, followed by 
viridans group streptococci and Enterococcus spp. Equal proportions of 
community-acquired IE, health care-associated IE and drug use-related IE were 
observed, each accounting about for one-third of the cases. Distinct features of 
these entities were described and also different outcomes. Health care-associated 
IE was associated with more underlying diseases, prosthetic valve involvement, 
enterococcal etiology and higher mortality than community-acquired IE. 
Intravenous drug use-related IE was associated with more frequent right-sided and 
bilateral involvement, Staphylococcus aureus as etiology but no difference in 
mortality compared to community-acquired IE. High proportion of health care-
associated IE and intravenous drug use-related IE pose a challenge for treatment, 
but also an opportunity for selected preventive strategies. In areas with common 
drug use, concomitant IE may account for a substantial proportion of all IE 
episodes, equal to that of HAIE. 
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1 INTRODUCTION

Bloodstream infections (BSIs) and infective endocarditis (IE) intrigue both 
clinicians and researchers for they are severe infections with high morbidity and 
mortality, and their diagnosis and treatment are a challenge. The cornerstone in 
the diagnosis is a blood culture and optimal antibiotic therapy is crucial in their 
treatment. Determining the microbiological etiology without a delay is of utmost 
importance (Ibrahim et al. 2000, Seifert 2009). Also, clinicians should be well 
informed of the current epidemiological situation and clinical profiles of these 
entities, especially of IE, in order to better treat and prevent them. 

Matrix assisted laser ionization/desorption time of flight (MALDI-TOF) 
mass spectrometry has changed the field in diagnostic microbiology, especially 
in BSIs, for it provides earlier information on the causative microorganisms 
compared to traditional methods (Drancourt 2010, Patel et al. 2013). Impact of 
MALDI-TOF method on management and outcome of BSIs has been studied 
with promising results, especially when combined with antimicrobial 
stewardship program (ASP) intervention. However, its impact is not fully 
determined, particularly when it is introduced to a routine clinical setting and 
when short incubation technique is used. 

The treating physician receives a variety of critical information from the 
positive blood cultures. However, blood cultures do not come without a cost and 
false-positive results are relatively common. When exactly should blood culture 
be obtained? Skin and skin structure infections (SSSIs) are traditionally 
considered to be seldom blood culture positive and blood culturing is only 
recommended in special circumstances (Stevens et al. 2014). A Finnish-Swedish 
study on complicated SSSIs (cSSSIs) found blood cultures to be positive at quite 
a high rate, challenging the traditional view (Jääskeläinen et al. 2016). Factors 
associated with blood culture drawing and blood culture positivity are, however, 
undetermined in cSSSI and possible benefit of information received from 
positive blood cultures is undefined in this clinical entity. 

Given the severity of IE and long intravenous antimicrobial treatment 
required in its treatment, determining the causative agent of IE is imperative. In 
case of blood culture-negativity, etiology may be resolved by serological testing 
or by valve cultures or polymerase chain reaction (PCR) from resected 
endocardial material if a patient is operatively treated (Fournier et al. 2010). 
PCR obtained during surgery has been shown to be useful in diagnostics of IE, 
especially if blood cultures are negative (Miller et al. 2016). However, the impact 
of the duration of pre-operative effective antimicrobial treatment on the yield of 
PCR is undetermined. 

The clinical entity of IE has changed during the past few decades (Wang et al. 
2018). Health care-associated infection has emerged and it accounts at least 
one-fourth of the cases contemporarily. Intravenous drug use (IDU) is a major 
risk factor for IE and in areas where IDU is prevalent IDU-related IE is of major 
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importance. As a consequence of the changes in epidemiology, Staphylococcus 
aureus is now the leading pathogen responsible for IE in developed world 
(Moreillon and Que 2004, Fowler et al. 2005). Much of the data on IE are 
derived from referral centers, thus population-based studies are warranted. 
Studies comparing clinical profiles of IE according to the mode of acquisition 
are limited in number, especially studies comparing all three: community-
acquired IE (CAIE), health care-associated IE (CAIE) and intravenous drug use-
related IE (IDUIE). Moreover, no recent studies exist on the epidemiology and 
clinical entity of IE in the Capital Region in Finland. 

This thesis work evaluates the clinical impact of microbiological methods: 
MALDI-TOF performed in BSIs and PCR applied on resected endocardial 
material from patients with IE. Clinical impact and utility of new 
microbiological methods are important to evaluate, in addition to their 
performance in microbiology laboratory. In this work, also the impact of 
duration of pre-operative antimicrobial treatment on the yield of both valve 
cultures and PCR is evaluated. This thesis also views blood culture positivity in 
patients with cSSSI. It determines factors associated with clinicians ordering 
blood cultures from patients with cSSSI and also factors associated with 
bacteremia in those patients. Finally, this thesis characterizes and compares 
different clinical entities of IE according to the mode of acquisition and 
determines their proportions of all IEs. The microbial spectrum of 
microorganisms responsible for IE, and the incidence, clinical characteristics 
and outcome of IE in the Capital Region of Finland is described.  
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2 REVIEW OF THE LITERATURE

2.1 BLOODSTREAM INFECTIONS

Bloodstream infections (BSIs) include infective endocarditis, catheter-related 
BSIs and primary BSIs or they can arise from a focal infection, e.g., from 
complicated skin and skin structure infection (Coburn et al. 2012).  

BSIs can be acquired from community or they can be health care-associated 
(Friedman et al. 2002). They contribute to a major morbidity, mortality and 
healthcare costs (Weinstein et al. 1997, Kilgore and Brosette 2008, Pien et al. 
2010, Goto and Al-Hasan 2013). 

2.1.1 INCIDENCE AND BURDEN OF DISEASE
 
Incidence of BSIs is considered to be increasing in Finland, as was shown in a 
population-based registry study: the incidence increased from 147 to 168 per 
100,000 person-years during the study period between 2004 and 2007 
(Skogberg et al. 2012). Derived from these data, an estimated nearly 8,700 BSI 
episodes and nearly 1,100 deaths occurred from BSI per year in Finland 
(Skogberg et al. 2012, Goto and Al-Hasan 2013). An increase in incidence rate of 
BSIs was also reported in a population-based study from Denmark and the 
reported incidence rate reached 166 per 100,000 person-years in 2006 (Sogaard 
et al. 2011). In Denmark, one-third of BSI episodes were hospital-acquired 
2002-2006 (Sogaard et al. 2011). Even higher incidence rate of 189 episodes per 
100,000 person-years was reported from Olmsted County, Minnesota (Uslan et 
al. 2007). 

In all, an estimated 1.2-1.4 million episodes of BSI occurred in year 2007 in 
Europe and BSI is estimated to be among top seven causes of death in many 
European countries and in North America (Goto and Hasan 2013). As the 
incidence of BSI increases with age (Uslan et al. 2007), the overall burden of BSI 
in developed countries is likely to increase due to aging of the population. 

In a prospective evaluation of nearly a thousand cases from two tertiary 
centers, mortality attributable to nosocomial BSI was higher (23%) compared to 
community-onset (10%) and overall crude mortality was 24% (Diekema et al. 
2003). A 30-day mortality in evaluation of 14,303 bacteremia episodes from 
Denmark 2002-2006 was 15.4% for community-acquired, 22.0% for health 
care-associated and 27.7% for nosocomial bacteremia (Sogaard et al. 2011). In 
addition, in a Finnish study including 33,473 BSI episodes, a 30-day case-
fatality rate of 13% was observed, one-third of which occurred within 2 days 
(Skogberg et al. 2012). A finding which, for its part, highlights the importance of 
early identification and treatment. 
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2.1.2 MANAGEMENT, SOURCE OF INFECTION AND MICROBIOLOGY
 

The cornerstones of the management of BSIs are fast identification of the 
causative organism and the source of infection (Ibrahim et al. 2000, Seifert 
2009). This approach enables timely administered optimal antibiotic therapy, 
which is a crucial factor for better outcome (Kollef 2008). 

According to a prospective study from two centers in USA and including 929 
episodes of BSI the two most common (culture confirmed) sources were 
catheter (26%) and genitourinary (16%) followed by gastrointestinal/biliary 
tract (12%), respiratory tract (8%) and skin or soft tissue (6%; Diekema et al. 
2003). Proportions were roughly similar between community-onset BSIs and 
nosocomial (i.e., hospital-acquired) BSIs (Diekema et al. 2003).  

In year 2017 approximately 17,000 bacteremias were recorded by National 
Institute of Health and Welfare in Finland (Table 1) and their number has 
increased steadily over the recent years (Jaakola et al. 2018). Escherichia coli 
has been the most common finding and the second has been Staphylococcus 
aureus (Table 1). Similarly, in a population-based study from Olmsted County, 
Minnesota E. coli was the most common finding, also followed by S. aureus 
(Uslan et al. 2007). The study also found clear differences between genders: E. 
coli BSI was more common in females whereas BSI caused by S. aureus and 
viridans group streptococci were more common in males. 

 
 

Table 1. Annual number of selected blood culture findings in Finland according to National                                  
Institute of Health and Welfare (Jaakola et al. 2018).

 
 
 
 

Blood culture finding Year 2013 Year 2017 
 Age 15-64 years Age ≥ 65 Age 15-64 years Age ≥ 65 

Escherichia coli 951 2876 1174 4011 
Staphylococcus aureus 641 876 846 1348 
Viridans group streptococci 151 193 119 207 
Enterococcus faecalis  83 301 103 395 
Enterococcus faecium 97 209 80 203 
Pseudomonas aeruginosa 91 230 66 288 
Enterobacter spp. 90 188 98 214 
Serratia spp. 32 81 39 107 
Morganella morganii 18 30 16 48 
All bacteremias 4189 8084 5059 11548 
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2.1.3 DEFINITION AND DIAGNOSIS
 
Universal definition of BSI does not exist, but BSI is considered in a patient with 
symptoms and signs consistent with an infection and with blood cultures 
positive with an organism associated with infection (Laupland and Church 
2014). Bacteremia means presence of viable bacteria in bloodstream. It must be 
noted that BSI and bacteremia are not synonyms, although often used 
interchangeably. BSI also includes fungemia (i.e., presence of fungi in 
bloodstream) and another difference is that, although rarely, bacteremia may be 
transient and thus not representing an infection (Laupland and Church 2014). 

BSI is diagnosed by performing a blood culture, which is one of the most 
common microbiological tests performed and has remained the first and 
essential diagnostic tool for the detection of BSI (Lamy et al. 2016). Blood 
cultures were applied in microbial diagnostics as early as late 19th century, and 
infective endocarditis was among the first clinical entities targeted (Allerberger 
and Kern 2020).  

Blood for culturing is obtained from venipuncture using a single-needle 
technique. One blood culture (one set) contains one aerobic and one anaerobic 
bottle. Two blood cultures are usually recommended and they can be obtained 
without an interval (Dargére et al. 2014). The sensitivity of blood culturing to 
detect bacteria in blood is correlated with the amount of blood drawn (Li et al. 
1994). Of patients with bacteremia approximately 90% will show positive results 
after two sets of blood cultures and over 95% after three sets (Lee et al. 2007). 
In addition, two blood cultures are useful in interpretation of results in case of a 
possible contamination, i.e., whether a growth of coagulase-negative 
staphylococci represents a contamination or true bacteremia (Weinstein et al. 
1996). More than two cultures are seldom needed, but suspicion of endocarditis 
is an exception to this rule.  

Antibiotic treatment hampers the utility and the sensitivity of blood culture 
and should be started only after the blood culture draw (Lee et al. 2007). In a 
study including 325 patients with severe sepsis preantimicrobial blood cultures 
were positive in 31.4% patients and repeated blood cultures drawn 30 to 240 
minutes after initiation of antimicrobial therapy were positive in 19.4% 
(P<0.001) demonstrating the negative effect of antibiotic treatment on the yield 
of blood cultures (Cheng et al. 2019). Another study including septic patients 
demonstrated equal positivity rates in blood cultures taken within one hour 
before (24%) and in blood cultures taken within one hour after (23%) initiation 
of intravenous antibiotics and also a sharp decline in blood culture positivity 
after one hour of antibiotic administration (Rand et al. 2019). 
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2.1.4 RECOGNITION OF BACTERIA FROM POSITIVE BLOOD CULTURES, 
THE MALDI-TOF METHOD, AND CLINICIAN´S VIEW

 
In microbiology laboratory, blood culture specimens are incubated in an 
automated blood culture instrument, which continuously monitors the samples 
and signals if growth is detected. In most microbiological laboratories blood 
cultures are routinely incubated for 5-6 days. This incubation time is considered 
adequate for detecting most bacteria, including fastidious bacteria, e.g., 
Haemophilus, Aggregatibacter, Cardiobacterium, Eikenella and Kingella spp. 
which are referred to as HACEK-group (Baron et al. 2005, Kirn et al. 2013). 

If blood culture bottles are positive (i.e., growth is detected in specimens) 
next step is Gram staining, which provides the first information that the 
clinicians receive. The gram stain results are very useful if interpreted correctly 
and can lead to changes in antibiotic therapy (Munson et al. 2003, Huttunen et 
al. 2016). In light of the Gram stain results the likely effectiveness of the empiric 
antibiotic treatment can preliminarily be evaluated and the possible site of 
infection is also hinted. Gram staining results in combination with clinical 
background information may shorten delay to effective antimicrobial therapy 
(Hautala et al. 2005).  

Simultaneously with Gram staining subcultures are also performed. These 
allow further identification and also susceptibility testing. Identification is 
usually done by standard protocols using biochemical identification. In most 
cases recognition of the causative organism to species level may require at least 
48 hours and final results with susceptibility results are at clinicians’ disposal 
within 48 – 72 hours (Patel et al. 2013). However, it may take longer if the 
organism grows slow in vitro or is difficult to recognise.  

Blood cultures have remained the most important and comprehensive 
method in detecting microbes causing BSIs and determining their susceptibility 
to antimicrobial agents, despite progress in molecular diagnostic testing (Kirn et 
al. 2013, Lamy et al. 2016). 
 
Molecular methods
When blood cultures show growth it is beneficial to recognise the organisms as 
fast as possible. Thus, molecular rapid diagnostic testing (mRDT) has gained 
field in the diagnosis of BSIs in the past decade (Sullivan et al. 2019). MRDT 
refers to tests such as polymerase chain reaction (PCR) and MALDI-TOF. 
Infectious Disease Society of America (IDSA) recommends the use of RDTs in 
addition to conventional culture of blood samples if combined with 
antimicrobial stewardship program (ASP) intervention (Barlam et al. 2016). A 
meta-analysis on the effect of mRDTs on clinical outcomes of BSIs found an 
association with mRDT and decreased time to effective therapy and length of 
stay, and in presence with an ASP also a decrease in mortality (Timbrook et al. 
2017). Other RDTs include nucleic-acid-based methods such as fluorescence in 
situ hybridization (FISH), microarrays and rapid PCR-based tests (Opota et al. 
2015a).  
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The MALDI-TOF method
MALDI-TOF has revolutionized the field in microbiology diagnostics (Bizzini 
and Greub 2010, Dranoncourt 2010, Patel et al. 2013). It has proven to be 
especially useful in the diagnostics of BSIs, in which fast recognition of the 
causative organism is of utmost importance (Patel et al. 2013).  

In MALDI-TOF method laser ionizes the clinical sample within the matrix. 
Then ionized molecules are funnelled through electrostatic field into a time-of-
flight mass analyser. Different sized molecules have different flying times, thus 
creating a mass spectrum. Resulted mass spectrum is compared with spectra in 
a reference database resulting in identification. This process is fast and takes 
only few minutes. (Drancourt 2010.) 

However, specimen from incubated positive blood culture bottles cannot 
directly be applied to mass spectrometry, but the microbes need to be purified 
prior to analysis. For this purpose different purification approaches are applied 
(Faron et al. 2017). In a labour and time-consuming MALDI-TOF technique 
bacteria are purified by centrifuging and lysis before the analysis (Vlek et al. 
2012). This method is hereby referred to as direct MALDI-TOF method. In 
another less laborious method a short incubation (si) on solid media is used to 
isolate bacteria from the content of the blood culture bottle. This method has 
been found to be both accurate and useful (Idelevich et al. 2014, Verroken et al. 
2015, Kohlmann et al. 2015). This method is hereby referred to as si-MALDI-
TOF method. 

Implementation of the MALDI-TOF method in microbiology laboratory 
routine has significantly shortened the time from blood culture draw to 
recognition of the causative organisms of BSI to species level (Idelevich et al. 
2014, Vlek et. al 2012). A systematic review concluded that MALDI-TOF 
identification was at least 24 hours faster than conventional methods (Dixon et 
al. 2015). In a study of 218 patients with bacteremia direct MALDI-TOF 
shortened the time to organism identification by 28.8 hours compared to 
traditional identification (16.4 hours vs 45.2 hours; Vlek et. al 2012). 
Introduction of MALDI-TOF identification led to 17 hours reduction in time to 
identification (from 73.5 h to 56.8 h) compared to conventional identification 
and further reduction of 15 hours after introduction of si-MALDI-TOF (56.8 h – 
41.3 h) in a study comparing these three different identification protocols 
(Delport et al. 2017).  

The diagnostic sensitivity of MALDI-TOF is reported to be 65-99% 
depending on the organism (i.e., better performance for gram-negative bacteria 
compared to gram-positive) and it is highly specific (Faron et al. 2017). In 
diagnostics, polymicrobial BSIs are not accurately detected by MALDI-TOF 
method (Clerc et al. 2013).  

The shortcoming of the currently routinely used MALDI-TOF techniques is 
the recognition of bacteria and yeast only to species level without any additional 
information on the susceptibility of the organism. For example, MALDI-TOF 
can identify a gram-positive coccus to be S. aureus, but does not provide 
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information on its susceptibility to methicillin. In a world of growing bacterial 
resistance, fast information also on possible resistance of the causative agent of 
BSI is increasingly important. To tackle this issue, new clinical applications of 
MALDI-TOF are being developed to detect antibiotic resistance and also strain 
type of bacteria (Oviano and Bou 2018, Idelevich and Becker 2019). 

 
Finally, molecular methods that can be applied directly to blood samples 
(without prior subculturing) are being developed (Peker et al. 2018). Such 
methods include direct PCR methods, T2 magnetic resonance based methods 
(especially for Candida spp.) and metagenomics (Peker et al. 2018).  

Although direct PCR method poses clear advantages (e.g., speed and 
detection of noncultivable organisms) over traditional blood cultures, it will only 
be supplementary to blood cultures now and in the near future (Opota et al. 
2015b). Disadvantages of direct molecular diagnostics on blood sample include: 
lack of full automation and defined workflow in microbiology laboratory, too 
high sensitivity and incapability of reliably detect multifactorial resistance 
mechanisms of bacteria (Opota et al. 2015b). 

Delays in the diagnostics of BSI and the workflow in the microbiology 
laboratory are demonstrated in Figure 1. 
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Patient at ER Suspicion of bacteremia, 
decision to order BC BC drawn

BC drawn, 
taken to lab 
and placed 

in an 
automated 
incubator

Growth detected

Gram stain with 
resultsa

Subcultures

Culturing and 
identification by 

conventional methods 
(including MALDI-TOF)

Final results with 
susceptibilitiesc

Short 
incubation 
for 4 hours

MALDI-TOF 
identification to 

species levelb

Figure 1 Work flow in the diagnosis of bloodstream infection and determining the causative 
agent. Upper part of the chart represents time elapsing in the ER from patient 
presentation to blood culture draw (usually 3 to 12 h). Lower part of the chart displays 
time elapsing in the microbiology laboratory. aThis is the first information that clinician 
receives, 18–24 hours from blood culture draw; bIf short incubation MALDI-TOF is done, 
this is the next information that clinicians receives, 24–32 hours from blood culture 
draw; c48-72 hours from the blood culture draw. Hours are approximations. In HUSLAB 
short incubation MALDI-TOF is done if blood culture bottle flags positive between 8 
p.m. to 11 a.m. Abbreviations: ER, emergency room; BC, Blood cultures.
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2.1.5 IMPORTANCE OF APPROPRIATE ANTIBIOTIC TREATMENT
 
Timely administered appropriate antibiotic treatment is crucial in the treatment 
of BSIs, for it can reduce morbidity and mortality (Leibovici et al. 1998, Ibrahim 
et al. 2000). Data derived from a prospective cohort study of 3414 patients 
hospitalized for BSI found longer hospitalization for survivors (11 vs 9 days, P < 
0.05) and higher in-hospital mortality rate (34% vs 20%, P=0.0001) with 
inappropriate versus appropriate empirical antimicrobial treatment (Leibovici 
et al. 1998). In a multicenter study of febrile hospitalized patients (n=295) 
inappropriate empiric antibiotic therapy was associated with increased length of 
hospitalization (at least 2 days) and mortality (20% vs 12%, P=o.oo1; Fraser et 
al. 2006). Inappropriate initial therapy was an independent risk factor for 
increased length of hospital stay and mortality. Similarly, in patients with cSSSI 
appropriate empiric antibiotic treatment led to more rapid clinical stability 
(Jääskeläinen et al. 2017).  

Moreover, time is of the essence, and the utmost importance of timely 
administration of effective antimicrobial therapy is shown and emphasized in 
septic patients (Ibrahim et al. 2000, Kumar et. al 2006). Delayed start of 
antibiotics was the most important individual variable associated with high 
mortality in a Finnish study including patients with septic shock (Varpula et al. 
2007).  

Of note, underlying disease is another important factor contributing to 
mortality, especially between one and three months after onset of infection, as 
was noted in a Finnish study including blood culture-positive septic patients 
(Rannikko et al. 2017). 

The benefit of timely and effective antibiotic treatment has been shown in 
the treatment of BSIs caused by Pseudomonas aeruginosa (Kang et al. 2003, 
Lodise et al. 2007) and Enterococcus spp. (Zasowski et al. 2016). In hospital-
onset enterococcal bacteremia a 3-fold increase in 30-day mortality was 
observed if receipt of appropriate antibiotic treatment was delayed over 48 
hours (Zasowski et. al 2016) and similarly in hospital-acquired Pseudomonas 
aeruginosa BSIs delay of appropriate antibiotic treatment over approximately 
48 hours increased 30-day mortality over two-fold (Lodise et. al 2007). 

Enterobacter spp., Serratia spp. and Morganella morganii are Amp-C 
producing Enterobacteriaceae, which usually are nosocomial isolates 
(Donnerberg 2010). Due to their inducible AmpC-gene they are in most cases 
resistant to ampicillin and 1st generation cephalosporins and frequently also to 
2nd and 3rd generation cephalosporins (Donnerberg 2010). Treatment failures 
occur with cephalosporin therapy, even if the isolate is susceptible in vitro 
(Harris and Ferguson 2012). 

Finally, initiation of an empiric antimicrobial treatment is fine art (Kim and 
Gallis 1989). It should be mastered well and education helps. As 428 BSI 
episodes were prospectively evaluated, empirical antibiotic treatment was 
appropriate in 78% for the episodes treated by infectious disease (ID) specialists 
and 54% for the others (P<0.001; Byl et al. 1999). After blood culture results 
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were available corresponding percentages were 97% vs 89% (P=0.008). 
Additionally, ID specialists used fewer broad-spectrum antimicrobials. Similar 
finding of higher rate of optimal empiric therapy associated with infectious 
disease service was noted in another study with also a significantly higher 
incidence of de-escalation of antimicrobial treatment after culture results 
(Fluckiger et al. 2000). 

2.1.6 CLINICAL IMPACT OF MALDI-TOF BASED TECHNIQUES
 
When a new microbiological method is adopted in microbiology laboratory, in 
addition to the evaluation of its performance and impact on laboratory 
diagnostics, also its impact on patient management and outcome along with 
cost-effectiveness should be examined (Doern 2014, McElvania TeKippe 2016).  

Combined with ASP intervention, MALDI-TOF method decreased the time to 
both effective and optimal antibiotic therapy and was associated with reduced 
30-day all-cause mortality (20% vs 13%, P=0.021), decreased length of intensive 
care unit (ICU) stay and recurrent bacteremia in univariate analysis in a pre-
post study including 501 patients with bacteremia or candidemia (Huang et. al 
2013). A cost-analysis performed using the data derived of patients included in 
the study by Huang and colleagues revealed that despite extra costs of 
implementing MALDI-TOF with ASP, it was cost-effective with approximately 
2500 dollars saved per BSI and reduced cost was mainly due to the shortened 
ICU-stay (Patel et al. 2016). Cost-effectiveness of MALDI-TOF method with ASP 
was observed in another study including gram-negative BSIs (Perez et al. 2013). 

A study including 202 episodes of gram-negative BSIs found reporting of 
MALDI-TOF results impact the empiric antibiotic treatment in one-third of the 
cases whereas reporting of the Gram stain results had an impact in one-fifth of 
the episodes (Clerc et al. 2013). This study included only patients with infectious 
disease (ID) consultation, lacked a control group and did not evaluate clinical 
outcome. It must be noted that independent impact of the MALDI-TOF method 
was not evaluated in the abovementioned studies. 

Impact of MALDI-TOF without mandatory ASP intervention or ID 
consultation is less certain, as one study showed that MALDI-TOF combined 
with ASP intervention led to more favourable outcomes than MALDI-TOF alone 
(Berganovic et al. 2017). Similarly, in a clinical setting without ASP, MALDI-
TOF had no benefit on patient management or outcomes (Jeon et al. 2018). 
However, a crossover study of 218 patients with BSI demonstrated that in 
routine clinical setting direct MALDI-TOF compared to conventional methods 
improved the appropriateness of antibiotic treatment within 24 hours of blood 
culture positivity (75% vs 64%, P=0.01; Vlek et. al 2012). Impact on other 
clinical outcomes was not evaluated. Another study evaluated the effect of direct 
MALDI-TOF when introduced to a pre-existing ASP setting and found its use to 
be associated with less frequent ICU admissions (23% vs 37%, P=0.02) and 
shorter duration of antibiotic treatment in case of contaminated blood cultures, 
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but had no effect on overall duration on antibiotic therapy or length of hospital 
stay (Osthoff et al. 2017). 

Impact of short incubation MALDI-TOF technique on clinical management 
and outcome of patients with BSI is less studied. One study found its use to lead 
to a modified treatment recommendation in half of the cases, but its impact on 
clinical outcomes was not further assessed and the study lacked a control group 
(Kohlman et al. 2015). A study from London, UK including oncology and 
transplant patients with BSI found short incubation MALDI-TOF identification 
to be associated with shorter hospital stay and bacteremia associated mortality 
risk (Delport et al. 2017). Recent study conducted in pre-post method without a 
change in ASP policy with almost two thousand bacteremic patients included, 
found that implementation of short incubation MALDI-TOF led to a decrease in 
ICU admissions, shortened hospital stay and in case of gram-negative 
bacteremias also to decreased mortality (20% versus 16%; Zadka et al. 2019). 
However, as the authors note: lack of detailed data on antibiotic treatment is a 
major limitation of the study. 

2.1.7 WHEN SHOULD A CLINICIAN ORDER BLOOD CULTURES?
 
First step in diagnosing a bloodstream infection is a decision by the clinician to 
order blood cultures. When exactly should this test be performed? Published 
guidelines do not clearly answer this question (Baron et al. 2013).  

Blood culturing is not inexpensive and it is subject to false positive results in 
case of a contamination, causing quandary with the treating physicians. In 
hospital setting false-positive blood cultures have been found to increase the 
length and the cost of hospital stay (Alahmadi et al. 2011). One study found true 
negative blood cultures (i.e., no growth of microorganisms) to be 15 times more 
common than false positive blood cultures, yet much more health-care cost was 
related to false positive cultures (Zwang and Albert 2006).  

On the other hand, BSI is a serious infection with marked mortality (Pien et 
al. 2010). This fact might prompt clinicians to order blood cultures liberally. 
One study indeed suggested that clinicians do overestimate the probability of 
bacteremia in their patients (Poses and Anthony 1991). In a three-center 
prospective study from France including 2314 adult patients with blood cultures 
sampled in emergency departments, 10.6% were positive for pathogens and 
2.4% for contaminants (Dargére et al. 2014). In an analysis of 17,697 blood 
culture results collected at Helsinki University Hospital, Meilahti region during 
year 2012, the positivity rate was 5.4% and contamination rate less than 1% 
(Kalanti et al. 2013, unpublished data).  

In suspicion of sepsis and septic shock, blood culturing is recommended by 
Surviving Sepsis Campaign (Levy et al. 2018). Blood culturing in this clinical 
scenario, and infective endocarditis, is feasible and is endorsed in other 
guidelines and reviews (Coburn et al 2012, Fabre et. 2020). In patients with 
severe sepsis, 31.4% of blood cultures were positive in one study (Cheng et al. 
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2019) and in IE blood culture positivity is over 85% (Cahill and Prendergast 
2016). 

Clinical scenarios with high pre-test probability of bacteremia (>50%) 
include: septic shock, meningitis, endovascular infections, discitis, native 
vertebral osteomyelitis, epidural abscess and nontraumatic native septic joints 
(Fabre et al. 2020). In these clinical scenarios blood culturing is always feasible. 
Fabre and colleagues suggest in their review that in other scenarios with lower 
probability of bacteremia, clinician should also take into account if culturing can 
be done from primary site of infection and if the results from blood cultures are 
likely to impact patient management when evaluating possible blood culture 
sampling (Fabre et al. 2020). 

Fever and leukocytosis alone should not prompt blood culturing without 
considering the pre-test probability (Coburn et al. 2012, Linsenmeyer et al. 
2016). One study including hospitalized medical patients found true positive 
rate of 3.6% of all blood cultures (Linsenmeyer et al 2016). The most common 
indications recorded by the treating physicians in the study were fever and 
leukocytosis, neither being highly predictive of bacteremia. A study including 
patients with clinical suspicion of bacteremia found CRP concentrations to be 
associated with bacteremia, but to have a limited role in bacteremia prediction 
model including white blood cell count parameters (Wyllie et al. 2015). A recent 
study found the sensitivity of another biomarker, procalcitonin, for bacteremia 
to be unacceptably low for a rule-out test (Goodlet et al. 2020). 

Several clinical prediction rules to predict bacteremia have been developed. 
In a study of 3901 patients from whom blood cultures were drawn in emergency 
room, Shapiro et al. developed a clinical decision rule suggesting when to order 
blood culturing in a patient suspected to have an infection (Shapiro et al. 2008). 
This rule consists of three major or 10 minor criteria. Major criteria include: 
suspicion of endocarditis, temperature over 39.4 °C or indwelling catheter; 
minor criteria includes classical signs of severe infection, e.g., systolic blood 
pressure under 90 mmHg and thrombocytopenia. If one major or two minor 
criteria are met, blood culturing is recommended.  

Systematic review found 15 validated models for predicting bacteremia and 
defining groups with low and high probability of bacteremia (Eliakim-Raz et al. 
2015). However, these studies were heterogeneous in patient populations and 
variables, and with limited external validation (Eliakim-Raz et al. 2015). 
Moreover, none of these were found to be implemented in clinical work, 
including the one by Shapiro and colleagues. 

A recent scoping review including 50 studies constructed an algorithm in an 
attempt to promote a wiser use of blood cultures, both initial and follow-up 
cultures (Fabre et al. 2020). This algorithm is based on pre-test probability of 
bacteremia in different clinical scenarios, as discussed above. As noted also in 
this review: clinical judgement is always a priority when considering blood 
culturing. 
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2.1.8 BLOOD CULTURE POSITIVITY IN SKIN AND SKIN STRUCTURE 
INFECTIONS

 
Skin and skin structure infections (SSSIs) are common infections encountered 
by physicians working in emergency departments and hospital wards (Raff et al. 
2016). Beta-hemolytic streptococci and Staphylococcus aureus are the two most 
common causative agents of SSSI with former predominating in non-purulent 
cellulitis (Karppelin et al. 2015).  

SSSI is classified as complicated (cSSSI) if it involves deep subcutaneous 
tissues or needs surgery (FDA 1998, Dryden 2010, Jääskeläinen et al. 2016). 
Thus cSSSI represent the more severe forms of SSSI. Also, presence of systemic 
signs of severe infection (e.g., hypotension), presence of comorbidities or a need 
for hospitalization can classify SSSI as complicated (Dryden 2010). The annual 
incidence of cSSSI in Helsinki was 9/100,000 in a population-based study 
between 2008 and 2011 (Jääskeläinen et al. 2016).  

Gram-positive bacteria are predominating etiological agents in patients with 
cSSSI, as in two studies including patients with cSSSI approximately two-thirds 
of microbial findings were gram-positive bacteria (Jenkins et al. 2010, Garau et 
al. 2013). In these two studies, staphylococci accounted for 65% and 49%, 
streptococci 40% and 14% and gram-negative bacteria 13% and 46% of 
microbiological findings, respectively (Jenkins et. al 2010, Garau et al. 2013).  

A population-based study from Finland and Sweden including patients with 
cSSSI found S. aureus (21%) and streptococci (16%) to be the two most 
commonly found pathogens in monomicrobial infections of microbiologically 
tested patients (Jääskeläinen et al. 2016).  

A diagnosis and treatment guideline for skin and soft tissue infections by 
Infectious Diseases Society of America (IDSA) does not routinely recommend 
obtaining blood cultures in typical case of cellulitis (Stevens et al. 2014). They do 
recommend it in case of malignancy, severe infection or in case of unusual 
predisposing factors (e.g., animal bite). A study of cellulitis patients with blood 
culture positivity less than 5% is cited in this context as a rationale for the 
recommendation (Perl et al. 1999). Similar recommendation against blood 
culturing is stated in a study including 476 hospitalized patients with 
uncomplicated cellulitis with a blood culture positivity rate of 4.8% and 
sampling rate 53% (Bauer et al. 2016). In a recent large study from the United 
States including patients hospitalized for uncomplicated SSSI with low acute 
severity of illness and specially excluding cSSSI, found blood culture positivity 
rate of only 3% (and contamination rate of 2%) with blood culturing rate 
approximately 80%, suggesting that routine blood culturing is of low value in 
uncomplicated SSSI (Sutton et al. 2020). 

Higher blood culture positivity rates in patients with SSSI, especially in more 
severe and complicated cases, have been reported, which challenge 
abovementioned recommendations. Bacteremia was found in 7.6% - 12% of 
patients subjected to blood culturing in patients with cSSSI (Jenkins et al. 2010, 
Garau et al. 2013). Both studies had similar blood culturing rate of 53%. In 
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addition, a study including patients with lower limb cellulitis reported that 19% 
of patients subjected to blood culture had them positive (Peralta et al. 2006). A 
study including hospitalized patients with SSSI found blood cultures positive in 
16% of the patients from whom blood culture sample was obtained (van Daalen 
et al. 2017). 

It must be noted that considerable variation between studies exists in blood 
culture positivity rates, probably due to differences is patient selection (e.g., 
severity of disease), amount of blood drawn and blood culture drawing rate. 
Indeed, the severity of SSSI affects the blood culture positivity rate, as a review 
found blood culture positivity rate of 4.8% in patients with erysipelas and a rate 
of 8% in patients with cellulitis, which involves deeper tissues than erysipelas 
(Gunderson and Martinello 2012). 

The benefit of the information acquired from positive blood cultures has 
been questioned, as blood culture results seldom affected the antibiotic 
treatment in patients with complicated cellulitis (Paolo et al. 2013). 
Additionally, in patients with uncomplicated cellulitis blood cultures were 
exclusively due to Streptococcal spp. and Staphylococcus aureus, which were 
organisms usually susceptible to empiric antibiotics (co-amoxicillin) used in the 
study, thus bacteremia had no impact on change of empiric regimen (Bauer et 
al. 2016). 

2.1.8.1 Microbiological findings from positive blood cultures
 
Streptococci were the most frequent finding in blood cultures in a study 
including patients with SSSI (van Daalen et al. 2017); in a review including 
patients with erysipelas and cellulitis (Gunderson and Moreillo 2012); in a study 
including patients with limb cellulitis (Peralta et al. 2006); and in a study 
including uncomplicated cellulitis (Bauer et al. 2016). S. aureus constituted 11-
25% of all bacteremias in these four studies. Interestingly, proportions of S. 
aureus were equal in patients with cellulitis and erysipelas (14%) in one review, 
challenging the traditional view of greater role of S. aureus in cellulitis 
(Gunderson and Moreillo 2012).  

In one study, even one-fourth of blood culture findings were due to gram-
negative bacteria (Peralta et al. 2006). In this study, information from blood 
cultures led to modification of ongoing antibiotic therapy in nearly half of the 
cases (half of these changes were de-escalations). 

In patients with cSSSI, however, S. aureus seems to predominate. In a large 
multicentre study from Europe including almost two thousand patients with 
cSSSI S. aureus was the most frequent finding in blood cultures and one-fourth 
of findings were gram-negative bacteria (Garau et al. 2013). In a cohort of 322 
hospitalized patients with cSSSI S. aureus was found in eight patients and beta-
hemolytic streptococci in two out of 13 blood culture positive patients (Jenkins 
et al. 2010). 
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2.1.8.2 Factors associated with blood culture sampling
 
A population-based study including patients with cSSSI reported that male 
gender and cellulitis associated with blood culture draw in univariate analysis 
(Jääskeläinen et al. 2016). This study included 460 patients with cSSSI from 
Helsinki, Finland and Gothenburg, Sweden. This is best to my knowledge the 
only study in this patient setting to study these factors.  

In a study including patients with less severe SSSIs, acute severe clinical 
condition prompted blood culture sampling (van Daalen et al. 2017) and in 
patients with erysipelas those subject to blood culture sampling were sicker and 
had more often diabetes (Bläckberg et al. 2015). Higher CRP has been shown to 
be associated with increased blood culture sampling in patients with erysipelas 
(Bläckberg et al. 2015) and uncomplicated cellulitis (Bauer et al. 2016). 

2.1.8.3 Factors associated with blood culture positivity
 
Only few studies have studied the association of patient characteristics or 
clinical findings (including laboratory results) with bacteremia in patients with 
SSSI and have not showed uniform results, as discussed in detail below. In 
addition, possible benefits of information gained from blood cultures are even 
less addressed, as noted above. 

In a study including patients with limb cellulitis risk factors for bacteremia in 
multivariate analysis were absence of previous antibiotic treatment, two or more 
comorbidities, length of illness less than two days and proximal limb 
involvement (Peralta et al. 2006). Similarly, in a study including patients with 
SSSI higher blood culture positivity was observed in patients with severe co-
morbidities compared to those without (van Daalen et al. 2017). Whereas, in 
patients with uncomplicated cellulitis alcoholism was the only distinct patient 
characteristic associated with bacteremia in multivariate analysis (Bauer et al. 
2016).  

Nonetheless, bacteremia in patients with SSSI is important to recognize 
because bacteremia is proposed to be associated with important outcome 
factors. In patients with cSSSI, when comparing bacteremic patients to the rest 
of the study group, bacteremia was associated with clinical failure and 
prolonged length of hospital stay (Jääskeläinen et al. 2016) as well as to later 
clinical stability (Jääskeläinen et al. 2017). Moreover, bacteremia was associated 
with longer duration of hospitalization in multivariate analysis also in patients 
with uncomplicated cellulitis (Bauer et al. 2016). 

Given the incidence of SSSI and prognostic factors associated with 
bacteremia, Lipsky and colleagues constructed a prediction model to help 
clinicians to identify patients at high risk for bacteremia (Lipsky et al. 2010). 
They used a large database of adults who needed hospitalization for acute SSSI 
in USA and found 11 independent predictors for bacteremia. In their material 



Review of the literature 

28 

half of the patients had blood cultured with a positivity rate of 12%. They 
observed a three times higher in-hospital mortality in bacteremic patients 
compared to patients without bacteremia. S. aureus was the most common 
finding with more than one-half of the blood culture isolates, and with 
methicillin resistant S. aureus (MRSA) composing more than one-third of these 
cases (Lipsky et al. 2010). Another prediction model was constructed by Lee and 
colleagues based on cohort of patients from tertiary centre in Taiwan including 
hospitalized patients with cellulitis (Lee et al. 2016). They found four 
independent factors associated with bacteremia and included them in their 
model. These factors were: age over 65 years; involvement of non-lower 
extremities; liver cirrhosis; and fulfilment of systemic inflammation response 
syndrome criteria. Neither of these models, however, has been widely 
implemented in clinical work. 

2.2 INFECTIVE ENDOCARDITIS

Since the days of Sir William Osler and his famous The Gulstonian Lectures, On 
malignant endocarditis (Osler 1885) where he first described the clinical entity 
of IE, clinicians´ battle against IE has come a long way and has had major 
victories (e.g., antibiotic treatment), but the adversary remains undefeated.  

Despite medical progress, IE still contributes to major morbidity and 
mortality and the diagnosis and the treatment of IE remain a challenge (Hoen 
and Duval 2013, Cahill and Prendergast 2016, Wang et al. 2018). The clinical 
entity of IE has changed over time and it keeps on evolving (Wang et al. 2018). 
In the days of Sir William Osler and through most of the 20th century IE was 
mostly streptococcal disease of dental origin in patients with mitral stenosis 
caused by rheumatic fever, but in developed countries health care-associated IE 
with different causative agents, Staphylococcus aureus as the most common, 
has emerged along with prosthetic valve endocarditis and intravenous drug use-
related IE (Moreillon and Que 2004, Murdoch et al. 2009). 

Consequently, clinicians must stay alert and repeated studies on the 
epidemiology, etiology and clinical picture of IE are warranted (Hoen et al. 
2002). 

2.2.1 DIAGNOSIS AND CLINICAL PICTURE 
 
Along with a well-informed clinician who knows when to suspect infective 
endocarditis, blood cultures and cardiac ultrasound are the cornerstones in the 
diagnosis of IE (Cahill and Prendergast 2016). Indeed, diagnosis of IE is based 
on demonstration of cardiac involvement and presence of causative 
microorganisms. Other imaging modalities, such as 18F-fluorodeoxyglucose 
positron emission tomography/computed tomography (PET-CT), 
echocardiogram-gated computed tomography angiography and magnetic 
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resonance imaging are complimentary to cardiac ultrasound. PET-CT has been 
shown to be especially useful in the diagnostic work-up of prosthetic valve 
endocarditis (de Camargo et al. 2020). 

Given the perplexity of the disease, modified Duke criteria are used as a 
structured ground on which to base the diagnosis of IE (Li et al. 2000). Most 
studies concerning IE reference to these criteria. European Society of Cardiology 
(ESC) also adopted modified Duke criteria in their guideline on IE, but with 
some alterations (Habib et al. 2015). ESC includes imaging studies (i.e., CT 
angiography and PET-CT) as major criteria. Diagnostic criteria of IE are shown 
in Table 2. 

Duke criteria, which were originally developed for research purposes, should 
not overthrow clinical judgement when considering the diagnosis of an 
individual patient (Cahill and Prendergast 2016, Holland et al. 2016).  

Clinical presentation of IE depends mostly on the causative agent, affected 
valve, possible septic emboli and host factors. Classical categorisation to acute, 
subacute and chronic IE is outdated due to changing profile of IE (Cahill and 
Prendergast 2016). Classification according to the source (i.e., mode of 
acquisition) of IE to community-acquired IE (CAIE) or health care-associated IE 
(HAIE) and the type of the affected valve (native or prosthetic) is more relevant 
and gives tools for empirical antibiotic treatment and other treatment 
considerations.  

Fever and elevated markers of inflammation are present in majority of cases 
(Murdoch et al. 2009, Selton-Suty et al. 2012). New or worsened pre-existing 
heart murmur is a valuable clinical sign. In some cases, first symptoms result 
from septic emboli (e.g., stroke). Overall, stroke as a complication of IE is found 
up to one-fifth of the IE patients and septic emboli to other sites in one-third 
(Murdoch et al. 2009, Selton-Suty et al. 2012). Immunological phenomena and 
other classic signs of IE, albeit classic textbook material, have become rare due 
to earlier presentation of the patients and better diagnostic methods (Murdoch 
et al. 2009).  

IE should be considered especially in patients with bacteremia known to be 
associated with IE. In S. aureus BSI IE occurs in such a high proportion that 
routine screening for IE is warranted (Thwaites et al. 2011). In a prospective 
study from Finland including 430 patients with S. aureus bacteremia, IE was 
found in 17% of cases (Ruotsalainen et al. 2006). Community-acquired 
enterococcal BSI, in the absence of a primary focus, is a major criterion in 
modified Duke criteria, highlighting the importance of consideration of IE in 
patients with enterococcal BSI (Li et al. 2000). In a prospective study including 
344 patients with E. faecalis bacteremia, systematic evaluation found definite IE 
in 26% of patients (Dahl et al. 2019). This study suggested consideration of 
routine screening for IE in patients with E. faecalis bacteremia. Risk factors for 
IE were: prosthetic valve, community-acquisition, persistent bacteremia, 
unknown portal of entry, monomicrobial bacteremia and immunosuppression 
(Dahl et al. 2019). 
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In a recent national registry study from Denmark, IE was found in 16.7% of 
patients with E. faecalis BSI, in 10.1% of patients with S. aureus BSI and in 7.1% 
of patients with Streptococcus spp. BSI, suggesting also routine screening for IE 
in bacteremias caused by these agents (Ostergaard et al. 2019). 

As noted, bacteremia is a precursor for IE. In a systematic search for portal 
of entry in a study including 318 IE patients, it was found in 74% of patients 
(Delahaye et al. 2016). Most frequent portal of entry was cutaneous (40% of 
identified portals of entry), second being oral or dental (29%). Interestingly, 
dental infection focus was more often involved than dental procedure (59% and 
12%, respectively). In one-fourth of the cases, portal of entry was 
gastrointestinal. 

 
 

Table 2. Diagnostic criteria of infective endocarditis.

 
Definite IE 
  One pathological criterion or 
  Two major criteria or  
  One major criterion and three minor criteria or  
  Five minor criteria fulfilled 
Possible IE 
  One major criterion and one minor criterion or 
  Three minor criteria fulfilled 
Rejected IE 
  Criteria for possible IE not met or firm alternative diagnosis or resolution of symptoms ≤ 4 days 
  or no sign of IE in pathological examination of valves (with antibiotic therapy ≤ 4 days) 
Pathological criteria 
  Microbes demonstrated by histological examination or culture from valves or septic embolus or 
  Pathological lesion consistent with vegetation or abscess present in histological examination showing 
  active endocarditis 
Major criteria 
  Microbiological evidence 
    Blood cultures positive with typical microbe causing IE or 
    Blood cultures persistently positive with microbe consistent with IE or  
    Single positive blood culture or serology positive for Coxiella burnetii 
  Evidence of endocardial involvement 
    Echocardiogram findings consistent with IE (e.g., vegetation) or 
    PET-CT showing activity adjacent to prosthetic valvea or 
    Paravalvular lesion detected in cardiac CTa 

Minor criteria 
    Predisposing heart condition or injection drug use 
    Fever more than 38 C 
    Vascular phenomena (e.g., septic emboli, intracranial hemorrhage, Janeway lesions) 
    Immunological phenomena (e.g., glomerulonephritis, rheumatoid factor, Osler nodes) 
    Microbial evidence: blood cultures positive with microbe consistent with IE, but not meeting the major 
    criteria or serological evidence of active infection with microbe consistent with IE 
Adapted from modified Duke criteria (Li et al. 2000) and ESC guidelines (Habib et al. 2015). Note: a These  
additional imaging studies are included only in ESC guidelines, not in modified Duke criteria. 
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2.2.2 DETERMINING THE ETIOLOGY
 
Considering the challenges in the treatment of IE, antibiotic treatment should 
be as optimal as possible for better outcome. Thus, determination of the 
causative organism is imperative. The absence of etiology has been shown to be 
an independent predictor of in-hospital mortality (Díez-Villanueva et al. 2016).  

2.2.2.1 Blood culture
 
In more than 85% of cases, the etiology of IE is provided by blood cultures 
(Murdoch et al. 2009, Hoen and Duval 2013, Cahill and Prendergast 2016). 
Infective endocarditis is an infection of endocardium of the heart, mainly the 
valves. Thus, in IE bacteremia is continuous. Three sets of blood cultures are 
recommended with at least an hour interval between first and last draw 
(Baddour et al. 2015, Habib et al. 2015). In critically ill patients two sets are 
adequate because receipt of antibiotic therapy should not be delayed in this 
setting. An interval between the blood culture draws is not considered necessary 
in one review (Liesman et. al 2017). The most common reason for blood culture 
negativity is prior antibiotic treatment, in one study nearly two-thirds of blood 
culture negative IE cases had received antibiotics within seven days of culturing 
(Murdoch et al. 2009). Causative agents may also be fastidious, require special 
media in order to grow or be non-cultivable. 

2.2.2.2 Serology and PCR
 
Blood cultures are negative in 10-15% of IE cases (Hoen and Duval 2013). In 
blood culture-negative endocarditis etiology may be revealed by serological 
testing, by PCR from blood or by PCR and culture of resected endocardial 
material in patients who undergo valve surgery due to IE (Fournier et al. 2010).  

In case of blood culture negativity, ESC recommends, according to local 
epidemiology, serological testing for Coxiella burnetii, Bartonella spp., 
Legionella spp., Brucella spp., Mycoplasma spp. followed by specific PCR 
assays for Bartonella spp., T. whipplei and fungi from the blood (Habib et al. 
2015). Serology for C. burnetii, the etiologic agent of Q-fever, is one of the major 
criteria of modified Duke criteria and is considered most reliable of the serologic 
tests (Li et al. 2000, Baddour et al. 2015). Other serological tests lack proper 
validation and standardization. However, serologic testing for Bartonella spp. is 
found useful in clinical work and is recommended to use with C. burnetii in the 
diagnostic work-up of blood culture-negative IE (Liesman et al. 2017). 
Systematic serological testing provided an etiology in 8% of IE cases in a study 
including 427 IE cases (Raoult et al. 2005).  
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In a study including 177 patients with definite, culture-negative IE from 
Marseille, France broad spectrum PCR from blood detected pathogens in three 
patients (1.7%) and specific PCR from blood in 24 patients (13.5%; Fournier et 
al. 2017). The two PCR methods from blood were, however, sole providers of 
etiology only in 14 cases and both were significantly less sensitive in detecting 
the causative organisms of IE than serology or culture or PCR from valves. 

2.2.2.3 Microbial sampling of the resected endocardial material
 
Valve cultures 
Valve culturing is recommended for IE patients who undergo valve surgery 
(Habib et al. 2015). The rationale behind this recommendation is that valve 
culture is a major criterion in modified Duke criteria and also culture results 
guide the duration of antibiotic treatment (Li et al. 2000, Habib et al. 2015). A 
study of 94 surgically treated IE patients did not find valve culture positivity to 
influence short- or long-term outcome (Dessap et al. 2009).  

Valve cultures are not particularly sensitive in detecting the causative 
organism of IE and due to contamination they are subject to false positive 
results (Liesman et al. 2017). Sensitivity rates of 26%-44% have been reported 
(Miller et al. 2016, Peeters et al. 2017). Contamination rates between 13%-35% 
have been reported (Voldstedlund et al. 2008, Vondracek et al. 2011). 
 
PCR  
Broad-range PCR followed by sequencing is a sensitive method in detecting the 
causative organisms of IE from resected valve material (Gauduchon et al. 2003). 
In a study of 29 histologically confirmed IE cases, PCR was positive in 27 and 
contributed to the diagnosis and management in 6 cases (Gauduchon et al. 
2003). Several studies have shown the usefulness of the PCR method from 
resected endocardial material in establishing the etiological diagnosis in IE and 
in particular when blood cultures are negative (Bosshard et al. 2003, Lang et al. 
2004, Greub et al. 2005). In addition to those early works, in a study from 
Belgium including 120 surgically treated definite IE patients, the sensitivity of 
16S rRNA PCR to detect the causative agent from resected valve was 87% and 
had an added diagnostic value in one fifth of the cases (Peeters et al. 2017). 
Similarly, in a study of 68 patients PCR contributed to the microbial diagnosis 
in one-third of the patients and contributed to a clinical decision in one-sixth 
(Miller et al. 2016). A prospective study from Sweden including 57 patients 
undergoing heart surgery for IE and a control group (n=61) without IE, 
observed PCR to be positive in 44 (77%) of cases and valve cultures in 13 (23%) 
of cases in IE group (Vondracek et al. 2011). In the control group of the Swedish 
study, PCR was negative in all cases, but valve culture was positive in eight 
(Propionibacterium spp. in seven and Corynebacterium spp. in one) and all 
were ruled as contaminations.  
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Addition of the PCR method to the diagnostic criteria of IE has been 
proposed (Bosshard et al. 2003, Peeters et al. 2017). 

2.2.2.4 Impact of pre-operative antimicrobial treatment on the yield of 
valve cultures and PCR

 
Pre-operative antimicrobial treatment has been found to have a negative effect 
on valve cultures (Upton et al. 2005, Kotilainen et al. 2006, Voldstedlund et al 
2008, Dessap et al. 2009). One study, however, reported no effect (Peeters et al. 
2017). In a study by Upton et al. 131 episodes of streptococcal IE in which 
operation was performed during antimicrobial treatment were retrospectively 
reviewed. They found that only in one case valve culture was positive in patients 
with pre-operative antimicrobial treatment duration more than two weeks 
(Upton et al. 2005). In two studies the median (or mean) duration of pre-
operative antimicrobial treatment was significantly shorter in patients with 
valve cultures positive compared to those with valve culture negative (Kotilainen 
et al. 2006, Voldstedlund et al. 2008).  

In previous studies, the duration of pre-operative antimicrobial treatment 
had no effect on the yield of PCR from the resected valve (Rovery et al. 2005, 
Kotilainen et al. 2006, Voldstedlund et al. 2008, Peeters et al. 2017). In three 
studies the median (or mean) duration of pre-operative antibiotic treatment was 
similar in patients with PCR positivity and PCR negativity (Rovery et al. 2005, 
Kotilainen et al. 2006, Voldstedlund et al. 2008). In a study by Rovery et al. 
similar proportions of PCR positivity were observed in patients with pre-
operative antibiotic treatment duration of 15 days or shorter and in patients 
with antibiotic treatment longer than 15 days (Rovery et al. 2005). 

2.2.3 EPIDEMIOLOGY
 
Reported incidence rates of IE vary between studies (Ambrosioni et al. 2017, 
Cresti et al. 2017). This is due to differences between populations studied, but 
also due to changes in population and risk groups for IE over time. For example, 
injection drug use is a major risk for IE and thus changing proportion of persons 
who inject drugs (PWID) in population is reflected on incidence of IE. In 
addition, changes in antibiotic prophylaxis guidelines might have an impact on 
incidence (Dayer et al. 2015).  

In a population-based survey from France including 497 definite cases of IE 
the annual incidence of IE was 3.4 per 100,000 inhabitants (Selton-Suty et al. 
2012). A recent population-based registry study from Finland estimated the 
incidence rate of IE admissions to be 6.3/100,000 person-years (Ahtela et al. 
2019).  
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In a recent review, the overall incidence rate of IE was concluded to have 
been rather stable in recent years (Ambrosioni et al. 2017). However, studies 
evaluating the evolution of incidence over time show somewhat conflicting 
results; some report an increase in incidence while others do not. For example, a 
study from Spain reported an increase by 2% per year during the study period 
between 2003 and 2014 (Olmos et al. 2017) and a report from England also 
showed an increase (Dayer et al. 2015), whereas a study from states of California 
and New York, USA did not (Toyoda et. al 2017). In summary, results of the 
latest studies on trends in the incidence of IE in different regions and countries 
show that the incidence of IE is probably increasing (Delahaye and Duclos 
2017).  

Increasing incidence of IE is most obvious among the elderly people 
(Slipczuk et al. 2013, Cresti et al. 2017, Olmos et al. 2017, Cuervo et al. 2018). 
Additionally, three 1-year population-based studies carried out in years 1991, 
1999 and 2008 in same regions in France observed an increasing mean age of IE 
patients from 58 years to 62 years, whilst overall incidence of IE stayed the 
same (Duval et al. 2012). Similarly, an increase in age of patients with IE was 
noted in a study from South-western Finland between years 1980-2004 (Heiro 
et al. 2006). 

2.2.4 RISK FACTORS
 

Several risk factors for IE exist. More than half of IE cases occur in patients over 
sixty-years of age (Hill et al. 2007, Selton-Suty et al. 2012, Habib et al. 2019). 
This is probably due to aging of general population and accumulation of other 
risk factors (e.g., valvulopathy and increase of invasive diagnostic and 
therapeutic procedures) with age. Male predominance is observed in most 
studies with male-female ratio over 2:1 (Hill et al. 2007, Selton-Suty et al. 2012). 
Injection drug use is a major risk factor and is discussed separately (section 
2.2.7.2). Poor dental health is considered a risk factor for IE from oral 
streptococci (Lockhart et al. 2009). In addition, haemodialysis, diabetes, 
indwelling venous catheters and immunosuppression are risk factors for IE 
(Hoen and Duval 2013, Cahill et al. 2017). Moreover, variety of invasive non-
dental procedures has been proposed to be associated with risk of development 
of IE (e.g., cystoscopy and colonoscopy; Janszky et al. 2018). 

High cardiac risk factors include prosthetic valve, certain congenital heart 
diseases and previous IE, whereas rheumatic heart disease, degenerative valve 
disease, implantable cardiac devices (e.g., pacemaker) and hypertrophic 
cardiomyopathy are considered moderate risk (Cahill et al. 2017).  
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2.2.5 MODE OF ACQUISITION
 
Defining the mode of acquisition of IE is important as the microbiological 
etiology and outcome, and to some extent also the clinical picture, differs 
according to it. IE can be acquired from community or it can be health care-
associated (Friedman et al. 2002). IE occurring in persons who inject drugs 
(PWID) is considered separately from these, since PWID are a major distinct 
risk group (Moss and Munt 2003). IE is considered to be community-acquired 
when IE develops before or within 48 hours of hospitalization in a patient not 
meeting the criteria for HAIE. 

2.2.5.1 Health care-associated IE (HAIE)
 
HAIE refers to an episode of IE that (1) develops 48 hours after hospital 
admission, (2) is acquired in association with recent hospitalization or invasive 
procedure or (3) occurs in patients with recent extensive contact with health 
care (e.g., wound care or hemodialysis) or (4) occurs in persons who reside in 
nursing homes (Friedman et al. 2002, Ben-Ami et al. 2004, Fernandez-Hidalgo 
et al. 2008).  

HAIE can be further classified to nosocomial (i.e., hospital-acquired) HAIE 
or non-nosocomial HAIE. Hospital-acquired IE has traditionally included IE 
episodes developed after 48 hours after admission or occurring 2-3 months after 
hospitalization with invasive procedure. In their work Ben-Ami et al. suggested 
broadening of this definition to include IE episodes arising within six months 
after hospitalization (Ben-Ami et al. 2004). Non-nosocomial HAIE includes 
patients with ambulatory invasive procedures done (e.g., urologic procedures, 
angiography) before the onset of IE (Fernandez-Hidalgo et al. 2008, Lomas et 
al. 2010), but can be extended to include also patients with extensive contact 
with health care (e.g., recent wound care or residence in a nursing home; 
Friedman et al. 2002). Clinical characteristics and outcome of nosocomial and 
non-nosocomial HIAE are similar (Benito et al. 2009). 

The reported share of HAIE of all IE cases varies between studies and 
depends on the definition of HAIE applied, study population and selection 
criteria (Table 3). Overall, HAIE is estimated to account for at least one-fourth 
of all IE cases (Table 3). In a large population epidemiology study including New 
York State and California HAIE accounted for more than half of the native valve 
IE (Toyoda et al. 2017).  

The incidence of HAIE is increasing, as was shown in Spanish study 
including IE patients from 1984 to 2007 (Lomas et al. 2010). The 
abovementioned study from USA showed an increase in HAIE likely acquired 
from outpatient health care and a decrease in HAIE likely acquired from 
hospital setting during the study period between years 1998-2013 (Toyoda et al. 
2017). Reasons for the increasing incidence of HAIE are manifold: diagnostics 
for IE are improved, the definition of HAIE is broadened and also more and 



Review of the literature 

36 

increasingly older people are subject to invasive procedures, both diagnostic and 
therapeutic. Microbiological etiology of HAIE in selected studies is shown in 
Table 3. 

HAIE has a higher mortality rate compared to CAIE (Fernandez-Hidalgo et 
al. 2008, Lomas et al. 2010, Selton-Suty et al. 2012). This is mostly due to 
higher rates of staphylococcal etiology and older patients with higher co-
morbidity. HAIE is also considered to be an independent predictor of death 
(Fernandez-Hidalgo et al. 2008, Benito et al. 2009, Lomas et al. 2010). 

Given the increasing incidence and high mortality rates of HAIE, preventive 
measures in health-care setting are of utmost importance (Benito et al. 2014). 

 
 

Table 3. Proportion of HAIE of all IE episodes and proportions of Staphylococcus aureus, 
viridans group streptococci and enterococci of all HAIE episodes in studies on IE.

Reference  
(number of patients 
included) 

Country / 
Region 

Proportion (%) of HAIE cases by 
etiology 

Proportion (%) 
of HAIE of all IE 
cases S. aureus VGS enterococci 

Fernandez-Hidalgo et al. 
2008 (n=292) 

Barcelona, 
Spaina 

33.7 10.8 22.9 28.4 

Benito et al. 2009  
(n=1622) 

Multinationalb 45 8 15 34c 

Sy and Kritharides 2010 
(n=1536) 

Australiad 33 16 16 30 

Lomas et al. 2010  
(n=793) 

Andalusia, 
Spainb 

30.7 2.4 17.3e 16f 

Selton-Suty et al. 2012 

(n=497) 
Franced 32.8 10.7 4.1 26.7 

Abbreviations: IE, Infective endocarditis; HAIE, Health care-associated IE; VGS, viridans group streptococci 
a Single referral center study 
b Multicenter study 
c Only native valve IEs with people who do not inject drugs included in the study 
d Population-based study 
e Enterococcus faecalis only 
f Only left-sided native valve IE included in the study 
 

2.2.5.2 Intravenous drug use-related IE (IDUEI)
  
Intravenous drug abuse is a major risk factor for IE and is also included as a 
minor criterion in modified Duke criteria (Li et al. 2000, Wang et al. 2018). 
Proposed factors predisposing PWID to IE, and particularly right-sided IE, 
include: endothelial damage to the tricuspid valve caused by substances 
injected, altered right-sided blood circulation circumstances (e.g., drug-induced 
pulmonary hypertension), injection of high load of bacteria or yeast 
concomitantly with drug injection (e.g., from skin or from the drug itself; 
Frontera et al. 2000). Also, if saliva is used to dilute the drug, oral bacteria or 
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yeast may be injected in vein. Methamphetamine has cardiac toxicity and 
negative effect on the immune system (Yu et al. 2003) and thus it may 
predispose to IE similarly to cocaine (Cooper et al. 2007). 

Incidence of IDUIE varies greatly between studies as noted in large review 
(Slipczuk et al. 2013). A population-based study from Spain reported a decrease 
in prevalence of IDUIE during the study period from 2003 to 2014 and overall 
prevalence less than 5% (Olmos et al. 2017) and in France prevalence of IDUIE 
remained stable and under 10% in three population-based surveys 1991, 1999 
and 2008 (Duval et al. 2012). Whereas a study from USA, where the opioid 
crisis is prevalent, report an increasing proportion of IDUIE of all IE cases: from 
27% in years 1999-2000 to 40% in years 2009-2010 in Kentucky (Seratnahaei et 
al. 2014). Similarly in a national registry-based study from USA IDUIE 
increased from 15% to 29% of all IE cases between 2010 and 2015 (Rudasill et 
al. 2019). A study from a Finnish teaching hospital between years 1980-2004 
and with 326 episodes of IE reported a significant increase of IDUIE up to 20% 
of cases during the last 5-year period (Heiro et al. 2006). 

Clinical entity of IDUIE differs from non-IDUIE in many aspects. Patients 
with IDUIE are younger with less co-morbidities (Ruotsalainen et al. 2006, 
Leahey et al. 2019, Rudasill et al. 2019). Staphylococcus aureus is clearly the 
most common causative agent (Sousa et al. 2012, Rodger et al. 2018, Leahey et 
al. 2019). In most studies, PWID with IE have right side affected more often 
than left side, whereas right-sided IE in general is less common, comprising 5-
10% of cases (Cahill and Prendergast 2016). Vast majority of right-sided IE 
cases occur in PWID.  

In a study including 202 cases of first-episode IE cases in PWID, right-sided 
infection was more common (61%) and S. aureus caused 77% of IE cases and no 
cases of HAIE were observed (Rodger et. al 2018). In a Finnish study right-side 
IE was observed in 60% of IDUIE cases caused by Staphylococcus aureus 
(Ruotsalainen et al. 2006). A study from single-center from Boston, USA 
compared IDUIE (103 patients) to non-IDUIE (278 patients) and found more 
frequent right-sided and both-sided valve involvement, history of previous IE, S. 
aureus as etiology and interestingly also operative treatment in IDUIE 
compared to non-IDUIE (Leahey et al. 2019). 

A reduced mortality of IDUIE compared to non-IDUIE at index 
hospitalization has been observed (6.8% vs 9.6%, P<0.001), probably due to 
younger age and more frequent right-side involvement (Rudasill et al. 2019). 
However, despite IDUIE patients having fewer comorbid diseases and younger 
age compared to non-IDUIE patients, no difference were observed in one-year 
all-cause mortality (16% vs 13%, P=0.58; Leahey et al. 2019). Left-sided IE in 
PWID is associated with worse prognosis (Thalme et al. 2007, Ortiz-Bautista et 
al. 2015). 

In the treatment of IDUIE concomitant treatment of addiction is in a key role 
and is associated with reduced mortality (Rosenthal et al. 2016, Rodger et al. 
2018). Multidisciplinary endocarditis teams might include also psychiatry and 
social services in the treatment of this complex entity (Yanagawa et al. 2018). 
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2.2.6 PROSTHETIC VALVE IE
 
In a review including only population-based observational studies, a significant 
increase in IE in patients with prosthetic valve was observed (Tleyjeh et al. 
2007). Risk of development of prosthetic valve IE (PVE) is highest during the 
initial three months after surgery and remains high during the 12 months after 
operation (Karchmer and Longworth 2002). The risk is estimated to be 1-5% 
during the first post-operative year and 1% annually after that (McDonald 
2009). Valve operation for IE during active infection increases the risk of 
developing early PVE (Piper et al. 2001). PVE is considered early if it occurs 
within one year after the operation and early PVE is also defined to be HAIE 
(Piper et al. 2001). Risk of early IE seems to be higher and risk of late IE lower 
for mechanical valves compared to bioprosthetic valves (Stanbridge et al. 1997, 
Piper et al. 2001). Causative agents of late PVE resemble those causing native 
valve IE, but during the first post-operative year staphylococci predominate 
(Stanbridge et al. 1997, Piper et al. 2001). In a recent large multicenter study 
30.1% of all IE patients had PVE and 9.9% intracardiac device-related IE (Habib 
et al. 2019). Proportions of PVE of all IE cases in selected studies on IE are 
presented in Table 4. 

2.2.7 CAUSATIVE MICROBES OF IE
 
The microbiology of IE depends on the mode of acquisition of IE and whether IE 
occurs in native or prosthetic valve.  

The emergence of Staphylococcus aureus as the leading causative organism 
of IE at the expense of viridans group streptococci has been reported in many 
studies and reviews (Fowler et al. 2005, Murdoch et al. 2009, Selton-Suty et al. 
2012, Slipczuk et al. 2013, Vogkou et al. 2016). However, the predominance of S. 
aureus is not supported in all studies (Cuervo et al. 2018). In population-based 
studies from Olmsted County, Minnesota viridans group remained as the 
leading cause in a study between years 1970-2000 (Tleyjeh et al. 2005), but was 
outnumbered by S. aureus in a study between 2007 and 2013 (DeSimone et al. 
2015). Similarly, S. aureus outnumbered viridans group streptococci during the 
study period 1980-2004 in a Finnish study and the cause of this shift was 
increased proportion of IDUIE (Heiro et al. 2006). 

A recent large prospective multi-center study observed a high frequency of 
enterococcal IE (16%; Habib et al. 2019). The percentage of enterococcal IE was, 
however, counted using blood culture-positive cases as denominator instead of 
the whole study group and blood culture-negative cases were surprisingly many 
(21%). A trend of increasing enterococcal IE was observed in a large review of IE 
studies (Slipczuk et al. 2013). Enterococcal IE is increasingly recognised as 
emerging and challenging clinical entity of IE (Pericás et al. 2020). 

Three most common groups responsible for IE in most studies are 
Staphylococcus aureus, viridans group streptococci and enterococci (Table 4). 
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Coagulase negative staphylococci (CoNS) constitute approximately 10% of all 
IE cases (Murdoch et al. 2009). The role of CoNS as causative agents is greater 
in PVE, as 16% of PVE cases were due to CoNS in large multicenter study after 
excluding PWID (Chu et al. 2009). 

The HACEK group constitutes less than 5% of all IEs (Murdoch et al. 2009). 
The HACEK group refers to certain gram-negative bacteria and they were 
classically categorized to blood culture-negative IEs because they were difficult 
to cultivate but this is no longer the case (see also subsection 2.1.2). 

Rare of all IEs, but common causes of blood culture-negative IEs, are 
Bartonella spp., Coxiella burnetii and Tropheryma whipplei. A rigorous 
diagnostic approach revealed an etiology in 63% of blood culture-negative IEs in 
a French referral center (Fournier et al. 2010). Out of 476 cases with identified 
causative agent, 229 were C. burnetii, 85 Bartonella spp. and 12 T. whipplei. 

 
 

Table 4. Proportions of Staphylococcus aureus, viridans group streptococci (VGS) and  
enterococci as an etiology of IE of all IE cases in studies on IE. Proportion of PVE of 
all IE cases is also shown.

Reference Country / 
Region 

Inclusion criteria 
and number of 
cases included 
(number) 

Proportion (%) of all IE 
cases by etiology 

Proportion 
of PVE of 
all IE cases 
(%) 

S. 
aureus 

VGS entero- 
cocci 

Heiro et al. 2006 Turku, 
Finland 

Definite and 
possible IE (326)a 

33 20 6b 16 

Murdoch et al. 2008 Multi-center 
and -national 

Definite IE (2781) 31 17 10 21 

Sy and Kritharides 2010c Australia ICD-10 code 
(1536) 

32 23d 9 13 

Selton-Suty et al. 2012c France Definite IE (497) 26.6 18.7e 10.5 20.9 
Jordal et al. 2018 Western 

Norway 
All episodes (439) 31.4 22.5 13.0 31.0 

Cuomo et al. 2018 Spain Left-sided IE, 
PWID excluded 
(595)f 

18.5 24.4 15.6 36.3 

Abbreviations: IE, Infective endocarditis; PVE, Prosthetic valve endocarditis; VGS, Viridans group streptococci 
a Proportions presented are from the last five-year period in the study (2000-2004) including 96 episodes 
b Enterococcus faecalis only 
c Population-based study 
d All streptococci, VGS not specified in study 
e Oral streptococci 
f Proportions presented are from the last four-year period in the study (2012-2015) including 135 episodes 
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2.2.8 TREATMENT AND OUTCOME
 
Treatment of IE is multidisciplinary. Treatment consists of prolonged 
intravenous antimicrobial therapy, management of complications and surgery if 
necessary (Cahill and Prendergast 2016).  

 
Antimicrobial treatment
Antimicrobial treatment of IE is intravenous and preferably bactericidal (Habib 
et al. 2015). Recent study, however, showed promising results with oral 
antibiotics after initial intravenous course in selected patients (Iversen et al. 
2019). The duration and the need for possible combination therapy depend on 
the causative pathogen and its susceptibility (and minimum inhibitory 
concentration rate) and whether the valve is native or prosthetic.  

In Helsinki University Hospital (HUS) pathogen specific treatment follows 
ESC guidelines (Habib et al. 2015, Martelius et al. 2016; Table 5). In PVE caused 
by staphylococci, combination therapy including cloxacillin or vancomycin 
(depending on the susceptibility of staphylococci), gentamycin and rifampicin is 
recommended, whereas non-staphylococcal PVE treatment is recommended as 
for NVE, but with minimum duration of six weeks (Habib et al. 2015, Martelius 
et al. 2016). Possible allergies and kidney function should be taken into account 
when considering the treatment. 

Recommendations for empirical treatment differ. HUS guideline 
recommends, in case of NVE and late onset PVE, 2nd generation cephalosporin 
with addition of vancomycin in septic cases (Martelius et al. 2016), whereas ESC 
recommends ampicillin plus cloxacillin plus gentamycin in community-acquired 
NVE and late onset PVE and vancomycin plus gentamycin plus rifampicin in 
health care-associated NVE and early onset PVE (Habib et al. 2015). 
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Table 5. Pathogen-specific treatment of the common causative agents of native valve 
IE according to HUS antimicrobial guideline (Martelius et al. 2016).

Pathogen Recommended first line regimen Duration 
(weeks) 

Staphylococcus aureus (MSSA) Cloxacillin  4-6  
Staphylococcus aureus (MRSA)1 Vancomycin 4-6  
Viridans group streptococci 

MIC ≤ 0.125 
 
 

MIC 0.25-2 

 
G-penicillin or 
Ceftriaxone  
 
G-penicillin or ceftriaxone 
+ gentamycin 

 
4  
4  
 
4  
2  

Enterococci Ampicillin + gentamycin or 
Ampicillin + ceftriaxone or 
Vancomycin2 + gentamycin 

4-6  
6  
6  

Abbreviations: MSSA, methicillin susceptible S. aureus; MRSA, methicillin resistant S. aureus; MIC, 
minimum inhibitory concentration 
1 also methicillin-resistant coagulase negative staphylococci 
2 In case of allergy or if strain ampicillin-resistant 

 
 
 

Surgery
Approximately one-fourth to one-half of the patients with IE needs surgery 
during the acute phase of infection (Prendergast and Tornos 2010). In the 
treatment of IE surgery is needed in cases of heart failure due to valvular 
dysfunction (or hemodynamic problems), uncontrollable infection (e.g., abscess 
or fistula formation or persistent bacteremia) or prevention of systemic emboli 
(Habib et al. 2015).  

In a large international, observational study, high mortality was observed in 
IE patients with indication for surgery, but who were treated conservatively 
(Habib et al. 2019). PWID have about 10 times higher hazard of death or 
reoperation compared to non-PWID between 3 and 6 months after operation for 
IE (Shrestha et al. 2015) and optimal use of surgery in PWID with IE is still 
somewhat unclear (Wang et al. 2018). A recent large meta-analysis found no 
difference in postoperative 30-day or in-hospital mortality between patients 
with IDUIE and non-IDUIE and who were surgically treated for IE (Hall et al. 
2020). 
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Outcome
A large multicenter study including 2781 patients with IE (study period 2000-
20005) reported an in-hospital mortality rate of 18% (Murdoch et al. 2009). 
Compared to a more recent similar large multicenter study of 3116 patients 
(study period 2016-2018) mortality was not substantially decreased, for the 
reported in-hospital mortality rate was 17% (Habib et al. 2019). In addition, in-
hospital mortality rates of 20% and 23% were reported in population-based 
studies from Spain and France, respectively (Selton-Suty et al. 2012, Olmos et 
al. 2017) and a rate of 17% in a register study from Germany with case-fatality 
rate remaining constant during the study period 2005-2014 (Keller et al. 2017). 
In a Finnish register study a 30-day mortality after IE admission was 11.3% 
(Ahtela et al. 2019). Reported long-term mortality rates after IE diagnosis are 
higher: 22% within 6 months (Hill et al. 2006), 24% within 3 months (Toyoda et 
al. 2017) and 37% within one year (Toyoda et al. 2017). The observations of 
stable mortality rate are in keeping with other studies and clearly demonstrate a 
paradox: despite medical progress, mortality of IE remains high and is not 
decreasing. Some have even reported an increase in mortality (Cresti et al. 
2017). 

In-hospital mortality of IE has been shown to be associated with S. aureus 
infection (Murdoch et al. 2009). A large prospective multinational study found 
age, hemodialysis, hospital-acquired infection, prosthetic valve, S. aureus 
infection and IE complications, such as heart failure, persistent bacteremia and 
stroke to be strongly associated with 6-month mortality (Park et al. 2016). 
Viridans streptococcal etiology was associated with lower mortality and also, 
surgery during index hospitalization, but it was performed less frequently in low 
risk patients (Park et al. 2016). Risk of long-term major adverse events 
including ischemic stroke, hemorrhagic stroke, myocardial infarction, 
readmission for heart failure, sudden death or ventricular arrhythmia and all-
cause death are increased in patients who survive an episode of IE (Shih et al. 
2014). In a Swedish nationwide study long-term relative mortality risk after IE 
remained elevated up to five years and excluding the first year, the long-term 
mortality risk was 2.2 times higher compared to general population (Ternhag et 
al. 2013). 

 
Repeat IE
Patients are at risk of repeat IE after the first episode of IE (Chu et al. 2005). 
Haemodialysis, IDU and a history of previous IE were found to be independent 
risk factors for repeat IE in a large multinational cohort of IE patients (Alagna et 
al. 2014). Indeed, PWID are at high risk of repeat IE after the first episode, as 
was demonstrated in a study in which 25% of PWID who survived the first IE 
episode developed a repeat episode after the initial IE episode with most repeat 
IE episodes being re-infections (86.4%) rather than relapses and occurring 
within one year after the initial IE episode (77.3%; Huang et al. 2018). 
Furthermore, all of the patients with repeat IE acknowledged a relapse of 
intravenous drug use (Huang et al. 2018). In another study including 212 first-
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episode IE cases in PWID, 32.1% developed a repeat episode, which was 
significantly more frequent compared to non-PWID (32.1% vs 6.2%, P<0.001; 
Rodger et al. 2019). A study from Boston, USA including 102 patients with IDU-
IE observed high rates of readmissions and recurrences and suboptimal 
addiction interventions (Rosenthal et al. 2016). 

2.2.9 CHANGING CLINICAL PICTURE OF IE
 
Is the clinical picture of IE changing? Based on the studies reviewed above, it is 
safe to say: yes. But, more precise answer is more complex. Results of IE studies 
depend on several factors. Studies from single referral centers tend to include 
more severe and complex cases of IE, thus influencing the characterization of IE 
and probably overestimating for example surgery rates, proportion of PVE and 
thus might show poorer outcomes. As in a population-based study from 
Rochester, USA only 20% of patients from Olmsted County needed operation 
for IE during the study period 2007-2013 whereas 44% of non-Olmsted County 
residents treated at Mayo Clinic, Rochester were operated (DeSimone et al. 
2015). On the other hand, population-based studies depend on the population 
being studied and results might not be generalizable outside the study 
population, as demonstrated by studies from Spain and Kentucky, USA with 
staggering differences in prevalence of IDUIE and even in an estimate whether 
incidence is increasing or not (Seratnahaei et al. 2014, Olmos et al. 2017). In 
addition, studies differ in selection criteria and diagnostic criteria used. For 
example, studies including only left-sided IE leave major proportion of PWID 
out. Also, definitions may vary (e.g., definition of HAIE). Major part of data on 
IE is derived from studies conducted in referral centers leaving population-
based studies in minority (Slipczuk et al. 2013). 

From the vast literature on the epidemiology of IE, few conclusions can be 
drawn. First, the incidence of IE is not decreasing. Second, in a population 
excluding PWID incidence in the elderly is increasing. Thirdly, proportion and 
importance of HAIE is increasing. Fourthly, Staphylococcus aureus as a 
causative agent dominates. Fifthly, repeated studies on IE are warranted to keep 
up with the old foe – and studies should preferably be of population-based 
nature. 
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3 AIMS OF THE STUDY

Objectives of this study were: 
 
1. To determine the impact of short incubation MALDI-TOF MS on the      
antimicrobial treatment in selected BSIs when introduced into a routine clinical 
setting. (Study I) 

 
2. To evaluate the blood culture positivity in patients with cSSSI: the rate of 
blood culture positivity; factors associated with clinicians ordering blood 
cultures; factors associated with blood culture positivity and the benefit of 
information obtained from positive blood cultures. (Study II) 

 
3. To evaluate the impact of pre-operative antimicrobial treatment duration on 
the yield of valve cultures and valve PCR from resected endocardial material in 
patients operated for IE and to assess the diagnostic utility of the PCR method 
in this setting. (Study III) 

 
4. To describe the epidemiology, spectrum of causative agents and the outcome 
of infective endocarditis in a population-based study in the Capital Region of 
Finland 2013-2017 and also to compare clinical entities of IE according to the 
mode of acquisition and determine their proportions of all IEs. (Study IV) 
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4 MATERIALS AND METHODS

4.1 STUDY I: IMPACT OF SI-MALDI-TOF ON ANTIBIOTIC
TREATMENT OF BLOODSTREAM INFECTIONS

4.1.1 STUDY DESIGN AND PATIENT POPULATION
 
All adult patients with blood cultures positive with Pseudomonas aeruginosa, 
Enterococcus spp. and AmpC-producing Enterobacteriaceae (Enterobacter 
spp., Serratia spp., Morganella morganiae) who were treated in Helsinki 
University Hospital, Helsinki, between March 2014 and December 2015 were 
included in the study. Only the first BSI episode was included. Exclusion criteria 
were: lack of verified clinical data, patient not receiving appropriate antibiotic 
treatment at all (e.g., due to poor prognosis), bacteremia episode during 
appropriate antibiotic treatment or blood cultures ruled as a contamination. 

HUS is a tertiary hospital serving population about one and a half million in 
the Hospital District of Helsinki and Uusimaa. HUS is the national center for 
solid organ transplantations and is also responsible for the majority of stem cell 
transplantations nationally. The prevalence of multi-drug resistant 
Pseudomonas aeruginosa (65 cases year 2015) and vancomycin resistant 
enterococci (under 20 cases annually) are low from clinical samples. 

Study design was an observational retrospective cohort study. Patients with a 
BSI caused by the abovementioned bacteria were identified, and information on 
si-MALDI-TOF results was retrieved, from the clinical microbiology laboratory 
database at Helsinki University Hospital Laboratory (HUSLAB). Demographic 
and clinical data were collected from the electronic medical records.  

4.1.2 STUDY GROUPS AND IDENTIFICATION OF BACTERIA IN HUSLAB
 
Blood cultures were incubated in blood culture bottles in Bact/Alert® 
(BioMérieux, France) instrument for a total of 5-6 days or until reported as 
positive.  

 
Study groups and the si-MALDI-TOF method
The si-MALDI-TOF identification was done from all blood culture bottles, which 
flagged positive between 8 p.m. and 11 a.m. If this analysis yielded a result, the 
bacteremic episode was assigned to si-MALDI-TOF group. If blood culture 
bottle flagged positive between 11 a.m. and 8 p.m., the si-MALDI-TOF was not 
done and hence the bacteremic episode was assigned to control group.  
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For the si-MALDI-TOF analysis, 50-100 microliters of blood culture content 
was applied on chocolate agar plates. These plates were incubated for 3-4 hours 
at +35 C in CO2 atmosphere. After incubation, a sample for the MALDI-TOF 
analysis was obtained by streaking the application area on the chocolate agar. 
One spot was inoculated for each sample. The analysis (Vitek MS; bioMérioux) 
was performed even if no growth was visible. The si-MALDI-TOF results were 
reported between 11 a.m. and 2 p.m. the same day. 

Simultaneously with the si-MALDI-TOF analysis another sample from blood 
culture bottle was Gram stained and subcultured on agar plates for 
susceptibility testing and confirmatory identification testing. In addition, a 
sample from a positive blood culture bottle was used for conventional bacterial 
identification; in-house identification set containing 10 biochemical tests along 
with chromogenic plates. Also, conventional MALDI-TOF was performed in 
cases giving unreliable identification in conventional biochemical methods, 
usually the next day. 

Identification by si-MALDI-TOF resulted in initial identification roughly 22-
24 hours earlier compared to identification done by conventional MALDI-TOF 
and biochemical identification methods. 

4.1.3 STUDY DEFINITIONS
 
Polymicrobial bacteremia was defined as the isolation of more than one 
bacterial species during the same bacteremia episode, except in case of a 
contamination. Index bacteria refer to one of the bacteria that are included in 
the study. If a patient had a polymicrobial bacteremia caused by two of the index 
bacteria, these were analysed as separate episodes.  

Appropriate antibiotic therapy was defined as follows: an antibiotic regimen 
to which the index bacteria was susceptible in vitro, considered standard 
treatment according to HUS antimicrobial treatment guide (Martelius et al. 
2016) and, with the exception of fluoroquinolones, delivered intravenously. 
Appropriateness of antibiotic therapy in polymicrobial infections was assessed 
from the perspective of the index bacteria. Time to appropriate antibiotic 
therapy was calculated from the first positive blood culture draw to the delivery 
of effective antimicrobial regimen. 
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4.2 STUDY II: FACTORS ASSOCIATED WITH BLOOD 
CULTURE POSITIVITY IN PATIENTS WITH 
COMPLICATED SKIN AND SKIN STRUCTURE
INFECTION

4.2.1 STUDY DESIGN AND PATIENT POPULATION
 
All adult patients residing in Helsinki, Finland and Gothenburg, Sweden and 
who were hospitalized for cSSSI during the study period 2008-2011 were 
included in the study (Jääskeläinen et al. 2016). The study hospitals were HUS 
and Helsinki City Hospital in Finland and Sahlgrenska University Hospital in 
Gothenburg, Sweden. Patients were identified using ICD-10 codes suitable for 
SSSI and those who met the inclusion criteria were included in the study. In 
short, inclusion criteria were: (1) adult patient with hospitalization, (2) SSSI 
affected deeper soft tissue (e.g., cellulitis or fasciitis) or needed surgery, (3) SSSI 
in lower extremity in a patient with diabetes or peripheral vascular disease and 
(4) patient with a major abscess or an infected ulcer. Patients needed also to 
have local signs of cSSSI present plus one systemic sign of infection.  

The study was an observational retrospective population-based cohort study. 
Data on demographics, clinical variables, laboratory and microbiological results 
were collected from medical records.  

4.2.2 STUDY DEFINITIONS
 
Cellulitis/fasciitis was defined as SSSI without an abscess, diabetic foot or an 
infected ulcer. Streamlining was defined as a change of antibiotic therapy to 
pathogen specific one. Clinical stability was defined as improvement of systemic 
and local signs of infection. Treatment failure was defined as need for 
unplanned surgery due to infection, no improvement in clinical situation after 
five days of treatment or judgement of treatment failure by the treating 
physicians. Coagulase-negative staphylococci and other normal skin flora 
commensals were generally considered as contaminants and infectious disease 
specialist assessed each case. 
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4.3 STUDY III: IMPACT OF PRE-OPERATIVE ANTIBIOTIC 
TREATMENT ON MICROBIAL FINDINGS FROM 
RESECTED ENDOCARDIAL MATERIAL

4.3.1 PATIENTS AND STUDY DESIGN
 
Inclusion criteria of the study were: (1) valve surgery due to infective 
endocarditis between 2011-2016 in HUS, (2) age ≥ 18 years, (3) a sample for 
PCR and valve cultures were obtained during surgery and (4) IE was post-
operatively classified as definite or possible according to modified Duke criteria 
(Li et al. 2000). The study was a retrospective single-centre study. Patients were 
recognized using ICD-10 codes for infective endocarditis (i.e., I33, I38 and I39) 
from operating room´s database. Data on demographics, clinical features, 
laboratory results and microbiology were collected from electronic patient 
records. 

In all, 115 patients were identified. Twenty-two were excluded because a 
sample for PCR was not obtained, two were excluded due to missing data and 
two were excluded because IE was classified as “rejected” according to modified 
Duke criteria. In addition, yeast was a causative agent in two patients and they 
were excluded because the broad-range PCR does not recognise yeast and thus 
these were out of the scope of the study.  

HUS is responsible for cardiac surgery in the Hospital District of Helsinki 
and Uusimaa and two smaller hospital districts in Southern Finland. Also, 
patients from the entire country are referred to HUS for cardiac surgery in 
special circumstances (e.g., congenital heart diseases). 

Since 2010, surgeons have been advised to routinely include a sample for 
PCR analysis along with a sample for bacterial culture from resected endocardial 
material, vegetation or pus. Surgeons themselves decided the best location for 
sample collection during operation. Hence, this study evaluates the value of PCR 
analysis implemented in routine clinical setting. 

4.3.2 MICROBIOLOGICAL PROCEDURES
 
Blood cultures were processed as described in section 4.1.2. Samples obtained 
during surgery were sent straight to microbiology laboratory (i.e., HUSLAB) for 
analysis. If necessary, samples were kept in storage for maximum of two days in 
+4 °C before analysis. The clinical samples were cultured by routine diagnostics 
at HUSLAB. Samples were cultivated on chocolate agar and fastidious anaerobe 
agar and incubated at 37 °C until growth was detected or for 7 days in 5% CO2 or 
under anaerobic conditions. Additionally, samples were inoculated into 
thioglycollate broth and cultivated ad 37 °C. 

For 16S rRNA analysis (i.e., PCR analysis), the clinical samples were 
homogenized using a Precellys bead-beater (Bertin Instruments). During the 
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study period two different DNA extraction instruments were used: SelectNAplus 
(Molzym) or Easymag (Biomérieux). Each method has been validated and no 
difference on positivity rate has been observed. Detailed description is provided 
in the original article, supplement Table 1. The ribosomal 16S DNA was 
amplified using primers Forward CLSI and Reverse Bosshard (Edwards et al. 
2012). Also, used polymerases, PCR instruments and thermal cycling conditions 
are listed in supplement Table 1 of the original article. PCR-amplified fragments 
were separated using gel electrophoresis and visualized under ultraviolet light. 
Amplified fragments were then purified and sequencing was done with BigDye 
Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific) using forward 
Bosshard primer (Edwards et al. 2012) and an ABI Prism 3100 genetic analyser 
(Thermo Fisher Scientific). After these steps, analysis was performed using 
Basic Local Alignment Search Tool (BLAST; National Center for Biotechnology 
Information, Bethesda, MD, USA). Each sample was tested with an inhibition 
control (amplification of lambda DNA or Oryza sativa gene) and with each run 
a nontemplate control was tested. 

4.3.3 STUDY DEFINITIONS
 
Antibiotic treatment was defined effective if causative agent of IE was 
susceptible to it in vitro or it was according to the ESC guideline (Habib et al. 
2015). It also had to be delivered intravenously. Duration of effective antibiotic 
treatment was counted from the delivery of first dose of intravenous antibiotic 
to the day of operation. 

The PCR result was considered to have a diagnostic impact if it solely 
provided the etiology of IE, if it confirmed positive serology results or if it 
resolved a discrepancy between blood and valve culture results. 

In order to study the impact of the duration of the pre-operative antibiotic 
treatment on the yield of the PCR method two approaches were used. First, the 
median duration of antibiotic treatment of those PCR positive was compared to 
those PCR negative. Second, study population was stratified according to the 
length of antibiotic treatment to five categories (Table 6) to demonstrate and to 
allow comparison between proportions of PCR/valve culture positive patients to   
PCR/valve culture negative patients. In the final analysis, we chose to compare a 
group of patients who received pre-operative antibiotic treatment less than 2 
weeks (n=46) to those who received it 2 weeks or longer (n=34). In order to 
control for possible confounding, independent variables associated with PCR-
positivity in univariate analysis (P<0.2) or with clinical significance were 
entered into bivariate logistic regression analysis.  
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Table 6. The study cohort (n=87) stratified to five categories depending on the pre-operative 
antibiotic treatment duration.

 

 

4.4 STUDY IV: THREE DIFFERENT CLINICAL ENTITIES OF 
INFECTIVE ENDOCARDITIS

4.4.1 STUDY DESIGN
 
The design was an observational retrospective study. All adult patients residing 
in the Helsinki University Hospital Area and diagnosed with IE during 2013-
2017 were included in the study cohort. The study hospitals included HUS and 
two Helsinki City Hospitals. The catchment areas of these hospitals form the 
Helsinki University Hospital Area and have the only emergency departments in 
the area. These hospitals are responsible for the treatment of severe infections, 
such as IE. Thus, virtually all patients with IE are being treated in the study 
hospitals. This enables the population-based approach. 

Patients were recognised using ICD-10 codes for IE, i.e., I33, I38 and 139. An 
infectious disease specialist (M.H.) collected all data from the electronic patient 
records. Patients meeting the criteria for possible or definite IE according to the 
modified Duke criteria (Li et al. 2000) were included. Those meeting the 
modified Duke rejected criteria and those residing outside the study area were 
excluded. 

 

Duration of pre-operative 
effective IV antibiotic therapy 

Whole study 
cohort  

PCR positive 
patients 

Valve culture 
positive patients 

One day or less 11 10 (91%) 4 (36%) 
2-13 days 35 32 (91%) 15 (43%) 
14-28 days 17 10 (59%) 0 
More than 28 days1 17 8 (47%) 0 
7 days or less, but previous 
longer course2 

7 4 (57%) 0 

1 One patient in this group had a pre-operative IV antibiotic treatment for more than 28 days, but the exact 
duration could not be verified from medical records and thus this one case is left out of the time analysis comparing 
median durations 
2 These patients received for a less than a week IV antibiotics before surgery, but had had a longer continuous 
course of antibiotic treatment before this (targeting other foci in most cases). Thus, this group is left out of all time 
analysis, because true length of effective antibiotic treatment cannot be reliably determined in relation to other 
cases 
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4.4.2 PATIENT POPULATION
 
The member municipalities of Helsinki University Hospital Area are Espoo, 
Helsinki, Kauniainen, Kerava, Kirkkonummi and Vantaa. Adult patients who 
resided in these municipalities during the study period were included. A total of 
0.993 million adult patients (approximately one-fifth of Finnish adult 
population) resided in this area 2017. The population is mainly urban. The 
prevalence of methicillin-resistant Staphylococcus aureus (MRSA) was low 
during the study period in study region: 5% of all S. aureus bacteremias in year 
2017 (Haiko et al. 2018). In year 2012, in the study area there were an estimated 
5,600-10,300 problem drug users (i.e., abusers of amphetamine and/or 
opioids), which accounts for one-third of all problem drug users in Finland 
(Varjonen 2015). 

4.4.3 STUDY DEFINITIONS
 
IE episodes were categorized according to the mode of acquisition into mutually 
exclusive groups: community-acquired IE (CAIE), health care-associated IE 
(HAIE) and intravenous drug use-related IE (IDUIE).  

HAIE was defined as follows: 1) onset of IE more than 48 hours after 
admission or within six months after discharge from hospital stay of ≥ 2 days, 2) 
IE developed within six months after a significant procedure performed during 
hospitalization or ambulatory setting, (3) IE developed within one month after 
extensive out-of-hospital contact with health care (e.g., dialysis, wound care, 
intravenous treatment) or (4) residence in a nursing home or similar facility 
(Friedman et al. 2002, Ben-Ami et al. 2004, Fernandez-Hidalgo et al. 2008). 
PVE was defined as “early onset” if it occurred within 12 months after surgery 
and was defined as HAIE.  

Patients with a history of intravenous drug use within one month before 
diagnosis of IE were classified as IDUIE even if health care association was 
present.  

Patients not meeting the definition of HAIE or IDUIE were classified as 
CAIE. Dental procedure was not considered a criterion for HAIE (Fernandez-
Hidalgo et al. 2008). 

IE was defined as definite or possible according to the modified Duke criteria 
(Li et al. 2000). An episode of IE occurring after the initial IE episode was 
considered a relapse if it occurred within six months after the end of the 
antimicrobial therapy of the initial IE episode and the causative agent was 
similar (Chu et al. 2005), in any other case it was considered a new episode (i.e., 
re-infection) and was included in the study as a separate episode.  

Valve abnormalities (e.g., degenerative valve lesions), prosthetic valve and 
cardiac devices, congenital heart disease and non-mild hypertrophic 
cardiomyopathy were considered as predisposing heart condition to IE. Left-
sided IE was defined as IE affecting only aortic and/or mitral valves, and right-
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sided IE only tricuspid and/or pulmonary valves. Location of IE was determined 
by echocardiogram, other imaging studies, surgery or clinically. Septic emboli or 
deep focus was defined as a focus of infection (other than cardiac) verified by 
imaging studies or clinically and related to IE. Operative treatment for IE was 
considered in a case where a patient had valve operation with IE indication 
during ongoing antimicrobial treatment. Time to operation was calculated from 
the first day on effective antimicrobial treatment. Effective antimicrobial 
treatment was defined as a regimen to which the causative agent of IE was 
susceptible to in vitro or was in accordance to recommendation of ESC (Habib 
et al. 2015) and delivered intravenously.  

 

4.5 STATISTICAL METHODS (STUDIES I-IV)

Descriptive statistics were applied in summarizing the variables. Categorical 
variables were summarized using counts and percentages. Continuous variables 
were summarized using means with standard deviation or medians with min 
and max values and interquartile range (IQR) or range, if sample was small. 

For comparison of two groups, categorical variables were compared using 
either chi-square test or Fisher´s exact test, when appropriate, and continuous 
variables were compared using Mann Whitney U –test. Odds ratio (OR) was 
calculated with 95% confidence interval (CI). 

P-value less than 0.05 was considered statistically significant. All statistical 
analyses were performed using SPSS versions 22.0 – 25.0 (IBM Corp., Armonk, 
N.Y., USA). 

 
Study I. Kaplan-Meier method and Log-Rank test were used to analyze survival 
type data.  

 
Study II. Bivariate logistic regression analysis (enter method) was used to 
determine the independent factors associated with blood culture sampling and 
blood culture positivity. First, univariate analysis was performed. Variables with 
P-value less than 0.15, those with clinical significance and those not 
multicollinear were then entered into the model.  

 
Study III. To control for possible confounding, bivariate logistic regression 
analysis (enter method) was used in analysis of the length of pre-operative 
antibiotic treatment on PCR positivity. After univariate analysis, variables with 
P-value less than 0.2 and those with clinical significance were included in the 
model. 
 
Study IV. Percentages were counted using total number of IE episodes as the 
denominator, unless otherwise specified. Poisson regression was used to 
calculate the 95% CIs for incidence rates and to examine the trends in incidence 
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rates. Comparisons of CAIE to HAIE and CAIE to IDUE were done by 
multinomial logistic regression.  

4.6 COMPLIANCE WITH ETHICAL STANDARDS

The research board at the Inflammation Center, HUS approved the study 
protocols for studies I-IV. Additionally, for study II, the ethical committee of 
Sahlgrenska University Hospital, Sweden also approved the study protocol, 
along with local conventional manner. For study IV, additional approve from 
Helsinki City was obtained. Given the retrospective nature of all studies, no 
ethical committee approval from HUS was needed. 

Throughout this thesis work, the research was conducted in strict compliance 
with Guideline of the responsible conduct of research (Varantola et al. 2012). 
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5 RESULTS

5.1 STUDY I: IMPACT OF SI-MALDI-TOF ON ANTIBIOTIC 
TREATMENT OF BLOODSTREAM INFECTIONS

5.1.1 PATIENTS, STUDY GROUPS, FOCUS/SOURCE OF INFECTION AND 
OUTCOME OF BSIS

 
A total of 164 episodes of bacteremia were identified. After excluding 40 
episodes, 124 bacteremia episodes originating from 120 patients were included. 
One patient had two separate bacteremias of different index bacteria during the 
study period. Three patients had a polymicrobial bacteremia caused by two of 
the index bacteria. Fifteen polymicrobial bacteremia episodes including one of 
the index bacteria were included. 

A total of 124 bacteremia episodes were divided into two groups: i) si-
MALDI-TOF group (n=69) in which si-MALDI-TOF was used for bacterial 
identification with a positive result and ii) control group (n=54) in which 
identification was done by means of conventional methods. 

There were no significant differences between the study groups in baseline 
characteristics, focus of infection or outcomes (Table 7). 

The acquisition site of blood cultures were as follows: emergency room 
33.9% (n=42), ICU 12.9% (n=16), internal medicine ward (incl., neurology and 
pulmonology) 4.8% (n=6), hematology ward 13.7% (n=17), surgical ward 25.8% 
(n=32), gynecology ward 3.2% (n=4) and oncology ward 5.6% (n=7) of cases. 

5.1.2 MICROBIOLOGY AND ANTIBIOTIC TREATMENT
 
Pseudomonas aeruginosa caused 16.9% (n=21), Enterococcus spp. 50% (n=62) 
and AmpC-producing Enterobacteriaceae 33.1% (n=41) of included bacteremia 
episodes. Detailed description of the causative bacteria is presented in Table 8. 

Of monobacteremias (n=103), si-MALDI-TOF was used in 65 and yielded a 
result in 62. It did not recognise the bacteria in one E. faecalis and in two E. 
cloacae bacteremias. Of polymicrobial bacteremias, si-MALDI-TOF was used in 
14 and yielded a result in 7 (for the index bacteria). 
 
Early empiric antibiotic therapy 
Within 12 hours after the positive blood culture draw in 75.8% (n=94) of 
bacteremia episodes antibiotic treatment was either started or changed, in 
19.4% (n=24) no change was made to the ongoing antibiotic treatment and in 
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4.8% (n=6) patient did not receive any antibiotic treatment. This early empiric 
antibiotic treatment was appropriate only in 22.6% (n=28) cases. 

 
 

Table 7. Patient characteristics, infection focus or source and clinical outcome of the study 
population (n=124) and according to study groups.

 
 Whole study 

group (n=124) 
Si-MALDI-TOF 
Group (n=69) 

Control group 
(n=56) 

P-value 

Patient characteristics 
 Age, years  (mean; SD) 61.3; 15.2 62.7; 15.6 59.6; 14.7 0.257 
 Gender, male; n (%) 74 (59.7) 42 (60.9) 32 (58.2) 0.762 
 Chronic heart disease 14 (11.3) 9 (13.0) 5 (9.1) 0.490 
 Chronic kidney disease 22 (17.7) 11 (15.9) 11 (20.0) 0.557 
 Dialysis 4 (3.2) 2 (2.9) 2 (3.6) >0.99 

 Liver cirrhosis 5 (4.0) 4 (5.8) 1 (1.8) 0.381 

 Chronic lung disease 18 (14.5) 11 (15.9) 7 (12.7) 0.614 
 Diabetes 26 (21.0) 14 (20.3) 12 (21.8) 0.835 
 Blood malignancy1 14 (11.3) 10 (14.5) 4 (7.3) 0.207 
 Acute leukemia 15 (12.1) 9 (13.0) 6 (10.9) 0.717 
 Stem cell transplant 5 (4.0) 2 (2.9) 3 (5.5) 0.654 

 Solid organ malignancy 32 (25.8) 16 (23.2) 16 (29.1) 0.456 
 Solid organ transplant 18 (14.5) 10 (14.5) 8 (14.5) 0.993 
 Immunosuppressive treatment2 70 (56.5) 44 (63.8) 26 (47.3) 0.066 
 Neutropenia3 21 (16.9) 14 (20.3) 7 (12.7) 0.265 
Infection focus or source 
 Pulmonary 5 (4.0) 2 (2.9) 3 (5.5) 0.654 

 Urinary tract 21 (16.9) 13 (18.8) 8 (14.5) 0.526 
 Skin / musculoskeletal 7 (5.6) 5 (7.2) 2 (3.6) 0.461 

 Abdominal cavity 55 (44.4) 28 (40.6) 27 (49.1) 0.343 
 Central nervous system 1 (0.8) 1 (1.4) 0 >0.99 

 Heart 2 (1.6) 1 (1.4) 1 (1.8) >0.99 

 Indwelling catheter 5 (4.0) 1 (1.4) 4 (7.3) 0.170 

 Unknown 28 (22.6) 18 (26.1) 10 (18.2) 0.296 
Clinical outcome4 

        7-day mortality                                    3 (2.4) 
        30-day mortality                                 16 (12.9) 
 

1 other than acute leukemia 
2 anti-rejection medication, cancer chemotherapy, prednisolone more than 10 mg/day and anti-rheumatic medications including 
biological medications 
3 absolute neutrophil cell count less than 0.5 x 105 neutrophils/ml 
4 no statistically significant difference between the study groups 
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In a subgroup of BSIs caused by Enterococcus spp. (n=62) early empiric 
antibiotic therapy was inappropriate in 83.9% (n=52) cases. An effective 
coverage was reached by widening the regimen with vancomycin or linezolid in 
two-thirds of the cases and alternatively with a beta-lactam effective against 
enterococci in one-third of the cases. 
 
 

Table 8. Blood culture isolates (number) in the study group (n=124) according to the index 
bacteria

 
 
 
 
 
 
 
 
 
 
 
 

 
 

5.1.3 IMPACT OF SI-MALDI-TOF ANALYSIS ON ANTIBIOTIC TREATMENT
 
In 72.6% (n=90) of all bacteremia episodes patients received appropriate 
antibiotic treatment within 48 hours from the first positive blood culture draw. 
This percentage was 78.3% (n=54/69) in si-MALDI-TOF group and 65.5% 
(n=36/55) in control group (P=0.112). In a Kaplan-Meier analysis similar trend 
was observed (log rank 0.139; Study I, Figure 1). 

Median time from blood culture draw to receipt of appropriate antibiotic 
treatment was 33.5 hours (IQR, 19.3-49.5) in whole study group and in si-
MALDI-TOF group median time was 31.9 hours (IQR, 14.9-46.8) and in control 
group 39.7 hours (IQR, 21.2-61.4); P=0.230. 
 
Pseudomonas aeruginosa group (n=21)
In si-MALDI-TOF group 78.6% (n=11/14) received appropriate antibiotic 
treatment within 48 hours from the blood culture draw compared to 71.4% 
(n=5/7) in control group; P>0.99. 
 

Index bacteria  All 
episodes 

MALDI-
TOF group 

Control 
group 

P-value 

Pseudomonas aeruginosa 21 14 7 0.265 

Enterococcus spp.1 62 33 29 0.588 

AmpC-producing   
Enterobacteriaceae2 

41 22 19 0.754 

1 E. faecalis n=22; E. faecium n=37; E. casseliflavum n=3; with equal distribution in the 2 

study groups  
2 Enterobacter cloacae n=21; E. aerogenes n=2; Serratia liquefaciens n=1; S. marcescens 

n=13; Morganella morganii n=4; with equal distribution in the 2 study groups 



  

57 

Enterococcus spp. group (n=62)
In Si-MALDI-TOF group 87.9% (n=29/33) received appropriate antibiotic 
treatment within 48 hours from the blood culture draw compared to 65.5% 
(n=19/29) in control group; P=0.036. 

Amp-C-producing Enterobacteriaceae group (n=41)
In si-MALDI-TOF group 63.6% (n=14/22) received appropriate antibiotic 
treatment within 48 hours from the blood culture draw compared to 63.2% 
(n=12/19) in control group; P=0.975. 

Subgroup of patients with immunosuppressive medication (n=70)
In si-MALDI-TOF group 86.4% (n=38/44) received appropriate antibiotic 
treatment within 48 hours from the blood culture draw compared to 57.7% 
(n=15/26) in control group (P=0.007; Study I, Figure 2). 
 

5.2 STUY II: FACTORS ASSOCIATED WITH BLOOD 
CULTURE POSITIVITY IN PATIENTS WITH 
COMPLICATED SKIN AND SKIN STRUCTURE 
INFECTION

5.2.1 STUDY COHORT, BLOOD CULTURE POSITIVITY AND RESULTS
 
In all, 460 patients with cSSSI were included in the study. Demographics, co-
morbidities and clinical features are summarized in Table 1, Study II.  

Blood cultures were obtained from 258 patients (51.6%) and they were 
positive in 61 patients (23.6%). The proportion of blood culture positivity was 
nearly equal in the two centres: 23% in Helsinki and 25% in Gothenburg. 

Streptococcus pyogenes (n=19, 31%) and Staphylococcus aureus (n=19, 
31%) were the two most common findings followed by non-A beta-hemolytic 
streptococci (n=12, 20%). Streptococcus pneumoniae was found in one patient. 
Notably, in only one case gram-negative bacteria was isolated. Five cases (8%) 
were polymicrobial and four (7%) were unknown. 

5.2.2 FACTORS ASSOCIATED WITH BLOOD CULTURE SAMPLING
 
To determine the factors associated with blood culture draw we compared 
patients from whom blood cultures were drawn (n=258) to those from whom 
they were not drawn (n=202; Table 1, Study II). We used both univariate and 
multivariate analysis, which differs from the analysis done in the primary 
publication (Jääskeläinen et al. 2016). Results are shown in full in Table 1, Study 
II. 



Results 

58 

In multivariate analysis, diabetes (OR 1.9, CI 1.2-2.9), duration of symptoms 
shorter than 2 days (3.0, 1.8-5.2) and CRP > 150 mg/L at the time of diagnosis 
of cSSSI (1.8, 1.2-2.8) were associated with more frequent blood culture 
sampling. Whereas peripheral vascular disease (0.5, 0.3-0.8) and post-surgical 
wound infection (0.4, 0.2-0.8) were associated with less frequent blood culture 
sampling. In addition, median CRP measured at the time of the diagnosis was 
significantly higher in patients with blood culturing compared to those without 
blood cultures (181 mg/L vs 130 mg/L, P=0.003). 

5.2.3 FACTORS ASSOCIATED WITH BLOOD CULTURE POSITIVITY
 
In order to determine the factors associated with blood culture positivity we 
compared patients with positive blood cultures (n=61) to those from whom 
blood culture sample was taken but it was negative (n=197). This approach 
differs from the original publication of this material where blood culture 
positive patients were compared to the rest of the study group (Jääskeläinen et 
al. 2016). 

In multivariate analysis only alcohol abuse was significantly associated with 
blood culture positivity (OR 5.5, CI 2.3-13.2). Full results of univariate and 
multivariate analysis are shown in Table 2, Study II. In addition, neither the 
CRP measured at the time of the diagnosis of cSSSI nor the highest CRP 
measured during the hospitalization was associated with bacteremia (Table 2, 
Study II). Blood culture positivity rates among the patients from whom blood 
culture was obtained categorized according to CRP count are illustrated in 
Figure 2. No statistical difference between the groups in percentages of 
bacteremic patients was observed (P=0.455, Chi-square). 
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Figure 2 Blood culture positivity and negativity by categorized CRP levels.

Clinical endpoints in blood culture positivity
Patients with blood cultures positive had antibiotic treatment streamlined more 
often compared to blood culture negative patients (23.3% vs 6.3%, OR 4.5 [CI 
2.0-10.5], P<0.001). In addition, patients with bacteremia reached clinical 
stability less likely in three days compared to patients without bacteremia (30% 
vs 52%, OR 0.4 [CI 0.2-0.8], P=0.006). Bacteremia was also associated with 
increased ICU admissions and longer hospital stay. However, no differences 
were observed in rate of surgical interventions after the diagnosis of cSSSI, 
length of antibiotic therapy or 30-day mortality. See Table 3, Study II for 
specific details. 

 

5.3 STUDY III: IMPACT OF PRE-OPERATIVE ANTIBIOTIC 
TREATMENT ON MICROBIAL FINDINGS FROM 
ENDOCARDIAL SPECIMENS

5.3.1 PATIENT DEMOGRAPHICS, CLINICAL FEATURES AND OUTCOME
 
In all, 87 patients were included in the study cohort. Eighty-five were classified 
as having definite IE and two patients had possible IE according to the modified 
Duke criteria (Li et al. 2000). Mean age of the patients was 52.7 years and 71 
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(81.6%) of them were male. Known predisposing heart disease was observed in 
24 (27.6%) patients and seven (8%) had a history of previous IE. Co-morbidities 
were found as follows: chronic kidney disease in four (of these three were on 
hemodialysis and one on peritoneal dialysis), liver cirrhosis in four and diabetes 
(requiring medication) in 17 (19.5%). Eleven (12.6%) patients had a history of 
alcohol abuse and 14 (16.1%) had intravenous substance abuse. 

Most of the operated patients had NVE (n=76, 87.4%). A cardiac device was 
involved in two cases. A total of 105 valves were operated, 50 of these were 
aortic, 47 mitral, seven tricuspid and one pulmonary valve.  

Septic emboli or other deep focus complicated the course in approximately 
half of the cases (n=48, 55.2%). Relapse of IE occurred in four cases within 12 
months of the operation. 30-day all-cause mortality was observed in 8% (n=7) 
and 365-day all-cause mortality in 17.2% (n=15) of cases. 

5.3.2 MICROBIOLOGY OF BLOOD CULTURES, VALVE CULTURES AND 
PCR

 
A total of 89 samples for PCR were obtained from 87 patients. From two 
patients two samples were obtained, and one in the rest of the cases. In case of 
80 patients a sample for PCR was obtained from endocardial material or 
vegetation, and in seven cases from pus (e.g., from paravalvular abscess). A total 
of 101 valve cultures were obtained, two samples from 14 patients and one 
sample from 73 patients. All PCR and valve culture results are hereby presented 
as per patient. 

The full results of the blood and valve cultures and PCR are presented in 
Table 4, Study III. 

 
Blood cultures
Blood cultures were positive in 74 (85%) of cases. Staphylococcus aureus 
(n=25) was the most common finding followed by viridans group streptococci 
(n=20) and Enterococcus faecalis (n=9) and coagulase-negative staphylococci 
(n=8). Of the coagulase-negative staphylococci four were Staphylococcus 
epidermidis, three Staphylococcus lugdunensis and one was not named to 
species level. In 13 (15%) of cases blood cultures were negative, and etiology was 
determined in 10 of these cases by PCR from resected valve.  

Valve cultures
Valve cultures were positive in 19 (22%) cases (Table 4, Study III). In two cases 
the valve and blood culture results differed. In one case, Streptococcus mitis was 
cultured from valve sample and also found by PCR, but blood cultures were 
negative. In the other case, Staphylococcus epidermidis were found in valve 
cultures, but Streptococcus salivarius was found in blood cultures and in valve 
PCR. In this case the valve culture result was regarded as a contaminant. In 
addition to this, in only one other case culture result was considered as a 
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contaminant. In this other case Cutibacterium acnes grew on culture (taken 
from pus from a mediastinal site) and blood cultures grew Enterococcus 
faecalis. Infectious disease specialists evaluated both these cases.  

 
16S rRNA PCR and sequencing
In total of 64 (74%) of cases PCR was positive (Table 4, Study III). Of these cases 
54 were also blood culture positive with matching results and in 10 cases blood 
cultures were negative. In one case valve culture was positive but PCR remained 
negative. No false-positive results were found. In one case a mixed sequence was 
suspected (two viridans group streptococci). In the two cases where two samples 
for PCR were taken they showed similar results (both positive in both cases). 

5.3.3 DIAGNOSTIC IMPACT OF THE PCR RESULT
 
PCR was considered to contribute markedly to the etiological diagnosis in 12 
patients (Table 5, Study III). In five cases PCR solely provided the etiology: 
Bartonella quintana in two cases and Coxiella burnetii, Streptococcus gordonii 
and Streptococcus pneumoniae each in one. In the cases of the latter two, blood 
cultures were negative due to prior antimicrobial treatment.  

5.3.4 IMPACT OF THE DURATION OF THE PRE-OPERATIVE ANTIBIOTIC 
TREATMENT ON THE YIELD OF THE VALVE CULTURE AND PCR

 
All patients with positive valve cultures (n=19) received pre-operative antibiotic 
treatment less than two weeks. 

The median duration of pre-operative effective antibiotic therapy in PCR-
positive patients (n=60) was significantly shorter compared to PCR-negative 
patients (n=19 [8.5 days vs 24 days, P=0.001]). In addition, the proportion of 
PCR-positive patients in those who received less than two weeks of antibiotic 
treatment pre-operatively was significantly higher compared to the proportion 
of PCR-positive patients in those who received it for two weeks or longer (91% vs 
53%, P<0.001), see also Table 6. Moreover, in multivariate logistic regression 
analysis only duration of pre-operative antibiotic treatment less than 2 weeks 
remained significantly associated with PCR-positivity (OR 7.2, 95% CI 2.0-26.0, 
P=0.003). Results of the analysis are presented in Supplement Table 2, Study 
III. 
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5.3.5 IE CAUSED BY BARTONELLA QUINTANA, COXIELLA BURNETII 
AND TROPHERYMA WHIPPLEI (CASES FROM STUDIES III AND IV)

 
A total of nine patients had IE caused by Bartonella quintana. Median age was 
55 years (range 24-86) and eight patients were male. Aortic valve alone was 
affected in five, both aortic and mitral valves in one and mitral valve alone in 
three cases. Two patients had septic emboli and three patients had IE-associated 
glomerulonephritis. Five patients had a history of alcohol abuse and/or 
homelessness, but four did not. Six patients were surgically treated and all had 
valve PCR positive. One conservatively treated patient had PCR positive from 
pseudoaneurysm of superior mesenteric artery. Serology was tested for six 
patients and was positive in every case. One patient died during hospitalization, 
others survived. Interestingly, two patients had PVE (bioprosthesis) and these 
two cases were also blood culture positive (in extended culturing). In both cases 
microbiology laboratory was informed beforehand of the suspicion of Bartonella 
quintana IE. 

Two patients had IE caused by Tropheryma Whipplei. Patients were: 65 
year-old man and 48 year-old woman, and both were otherwise healthy but had 
a long history of arthralgia before diagnosis. Diagnosis was established by valve 
PCR in both cases. 

Two patients had IE caused by Coxiella burnetii. Both were male, aged 66 
years and 71 years. Sixty-six year old man had a predisposing heart condition 
and a travel history to Canary Islands, Spain. IE diagnosis was established by 
valve PCR and serology. The other patient had a bioprosthesis and travel history 
to endemic area. In this case diagnosis was based on serology. 

5.4 STUDY IV: THREE DIFFERENT CLINICAL ENTITIES OF 
INFECTIVE ENDOCARDITIS

5.4.1 PATIENTS
 

In all, 313 episodes of IE occurring in 291 patients were included in the study 
cohort. Median age was 55 years (range, 19-98; interquartile range [IQR], 36-
71). A male-to-female ratio was approximately 2:1, as 68.7% (n=215) of IE 
episodes occurred in men and 31.3% (n=98) in women. Of IE episodes, 78.9% 
(n=247) were classified as definite and 21.1% (n=66) as possible according to the 
modified Duke criteria (Li et al. 2000). 

Of the whole study cohort, 40.9% (n=128) had known pre-existing cardiac 
risk factor, 14.4% (n=45) had diabetes, 2.9% (n=9) liver cirrhosis, 10.9% (n=34) 
chronic kidney disease, 7.0% (n=22) were on dialysis and 5.4% (n=17) had 
immunosuppressive treatment. A history of previous IE was documented in 
15.0% (n=47) of patients. 
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Mode of acquisition
Community-acquired IE (CAIE) accounted for 38.0% (n=119) of IE episodes, 
health care-associated IE (HAIE) 31.0% (n=97) and intravenous drug use-
related IE (IDUIE) 31.0% (n=97). 

Median age in CAIE group was 64 years (IQR, 52-75), in HAIE group 69 
years (IQR, 58-77) and in IDUIE group 35 years (IQR, 29-38). Patients in 
IDUIE group were significantly younger compared to CAIE group (P<0.001) 
and to HAIE group (P<0.001) and no statistical difference in age between CAIE 
and HAIE groups was observed (P=0.365). Figure 3 shows the number of IE 
episodes by age and mode of acquisition.  

The median age in patients without a history of IDU was 66 years (IQR 53-
75.8) and women were older than men (median 72 years vs median 65 years, 
respectively, P=0.001).  

Comparison of CAIE group to HAIE and IDUIE in patient demographics and 
co-morbidities is shown in Table 3, Study IV. Of note, patients with HAIE had 
more underlying comorbidities compared to CAIE. Eventhough in IDUIE group 
male predominance was observed (59.8%), the proportion was significantly 
smaller compared to CAIE (73.1%, P=0.039). 

 

Figure 3 Number of IE episodes by age and mode of acquisition.
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Incidence
 

The incidence was found to be 6.48/100,000 person-years (95% CI, 5.80-7.24) 
in adults. No significant change in incidence between the study years was 
observed. Annual incidence rates according to the mode of acquisition were 
2.46/100,000 (95% CI, 2.06-2.95) for CAIE, 2.01/100,000 (95% CI, 1.65-2.45) 
for HAIE and 2.01/100,000 (95% CI, 1.65-2.45) for IDUIE. No significant 
change in these incidence rates during the study period by mode of acquisition 
was observed either: CAIE P=0.903, HAIE P=0.324, IDUIE P=0.650. In Figure 
4 are presented the numbers of IE episodes by year of the diagnosis and mode of 
acquisition. 

 
 
 

 
 

Figure 4 Number of IE episodes by year of the diagnosis of IE and mode of acquisition.

5.4.2 LOCATION OF IE
 
Transthoracic echocardiography was performed in every episode and 
transesophageal echocardiography in 57.5% (n=180) of cases. Native valve was 
affected in 83.7% (n=262) of cases. Majority of PVEs occurred in biovalves 
(n=39) following mechanical valves (n=7), mitral plasty (n=2) and transcatheter 
aortic valve implant (TAVI; n=3). Composite graft was involved in 1.3% (n=4) 
and pacemaker in 1.6% (n=5) of IE episodes. One-fifth of PVEs were early PVEs 
(n=11/51). 

Aortic valve alone was affected in 40.3% (n=126) of cases, mitral valve alone 
in 31.6% (n=99), both aortic and mitral valves in 3.5% (n=11) and tricuspid valve 
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alone in 20.1% (n=63). Pulmonary valve was affected in four cases, of which in 
two cases alone and in one with mitral valve and in one with tricuspid valve. IE 
was left-sided in 75.4% (n=236) of cases, right-sided in 21.1% (n=66) and both-
sided in 3.5% (n=11). Comparison of location of IE according to mode of 
acquisition is presented in Table 3, Study IV. Of note, patients with IDUIE had 
right-sided and both-sided infection more commonly than patients in CAIE 
group. Prosthetic valve was affected in one-third of HAIE cases, and over three 
times more frequently than in CAIE. 

5.4.3 ETIOLOGY 
 
The etiology of IE was determined in 91.4% (n=286) of episodes. Blood cultures 
were positive in 87.5% (n=274) of cases. Of the 39 blood culture-negative cases 
etiology was resolved in 30.8% (n=12) by following methods: PCR from resected 
valve (n=4), PCR and culture from resected valve (n=1), PCR from resected 
valve and serological testing (n=2), culture from other site (i.e., deep focus or 
septic embolus; n=3), PCR from thrombotic mass in artery and serology (n=1) 
and serology only (n=1). Etiology remained unknown in 8.6% (n=27) of cases. 

Staphylococcus aureus was the leading causative agent. It caused 36.1% 
(n=113) of IE cases. Second was viridans group streptococci 21.4% (n=67) and 
third Enterococcus spp. 9.9% (n=31). Detailed microbiology results are 
presented in Table 2, Study IV. Comparison of microbial etiology of IE 
according to the mode of acquisition is presented in Table 3, Study IV. 
Staphylococcus aureus was equally common in CAIE and HAIE. Viridans group 
streptococci were more frequently and Enterococcus spp. less frequently 
responsible for IE in CAIE compared to HAIE. In fact, two-thirds of all 
enterococcal IEs belonged to HAIE group. S. aureus caused 74.2% of IDUIE 
cases. 

In left-sided IE (n=236) S. aureus constituted 22% (n=52), viridans group 
streptococci 27.5% (n=65) and Enterococcus spp. 12.3% (n=29) of cases. 

In patients with left-sided IE, no difference between PVE and NVE were 
observed in cases caused by S. aureus (17.4% vs 23.2%, respectively, P=0.397) 
or viridans group streptococci (21.7% vs 29.1%, P=0.317), but Enterococcus spp. 
were the etiological agent more often in PVE (21.7%) compared to NVE (10.0%, 
P=0.030). 

5.4.4 COMPLICATION OF IE
 
Septic complication was observed in 51.8% (n=162) of IE episodes. Cerebral 
complication (e.g., radiologically verified infarct or haemorrhage) occurred in 
14.4% (n=45) episodes and septic emboli other than cerebral complicated the 
course of IE in 46.3% (n=145) of cases (Table 1, Study IV). Besides cerebral 
complications, septic emboli were detected in lungs in 24.9% (n=78), in visceral 
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organs in 12.8% (n=40), in musculoskeletal sites in 17.6% (n=55) and in other 
sites in 8.0% (n=25) of IE cases. 

In 9.3% (n=29) of IE episodes patients were admitted to intensive care unit 
(ICU) during the hospitalization (post-operative admissions not included). Of 
the patients who were not admitted to ICU (n=284), nearly one-third (n=94) 
needed treatment in intermediate care unit (IMCU) or cardiac care unit (CCU). 
Mechanical or non-invasive ventilation due to heart failure was needed in 14.7% 
(n=46).  

There were no difference in cerebral complication between CAIE and HAIE 
or CAIE and IDUIE, but patients with IDUIE had significantly more septic 
emboli (or deep foci) compared to CAIE group (Table 4, Study IV). 

5.4.5 TREATMENT AND OUTCOME
 
Median duration of effective intravenous antibiotic treatment was 35.5 days 
(IQR, 29-44.8) for the whole study group (data missing in 1 case). In patients 
with NVE median duration was 33 days (IQR, 29-43) and for PVE 43 days (IQR, 
29-49). 

In cases where empirical antimicrobial treatment was started after blood 
culture sampling (n=238), in 79 % (n=188) of cases it was considered effective 
against the causative organism and in 21% (n=50) ineffective. In 27 episodes the 
etiology remained unresolved and thus the effectiveness of empirical antibiotic 
therapy could not be evaluated. In 45 episodes intravenous antimicrobial 
treatment was initiated after preliminary blood culture results and in two 
episodes patients did not receive effective intravenous antibiotic at all. 

In 23% (n=72) of IE episodes valve surgery was performed during ongoing 
antimicrobial treatment. Median time to surgery from the start of effective 
intravenous antimicrobial treatment was 14 days (IQR, 7.3-34.8). In NVE 
operation was performed in 23.3% (n=61/262) cases and median time to 
surgery was 11 days (IQR, 7-32.5) and in PVE operation was performed in 21.6% 
(n=11/51) and median time to surgery was 39 days (IQR, 19-70). No statistical 
difference was observed in surgery rates between NVE and PVE (P=0.790), but 
the median time to operation was significantly longer for patients with PVE 
(P=0.005). Patients with CAIE had surgery more often than IDUIE group (Table 
4, Study IV). 

In-hospital all-cause mortality rate was 17.3% (n=54) and one-year all-cause 
mortality rate was 25.9% (n=81). Of those who survived the IE episode (n=259) 
3.5% (n=9) had a relapse. Comparison between mortality rates according to the 
mode of acquisition is presented in Table 4, Study IV. Of note, HAIE was 
associated with increased both in-hospital and one-year mortality compared to 
CAIE. 

For patients with PVE in-hospital mortality was 25.5% (n=13) and with NVE 
15.6% (n=41; P=0.089). One-year mortality for PVE was 43.1% (n=22) and for 
NVE 22.5% (n=59; P=0.002).  
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6 DISCUSSION

6.1 STUDY I: IMPACT OF SI-MALDI-TOF ON ANTIBIOTIC
TREATMENT OF BLOODSTREAM INFECTIONS

Considering that empiric antibiotic treatment is seldom modified until more 
microbial or clinical evidence is obtained, which may take up to 48 hours, 
microbiological methods that accelerate the identification of bacteria in positive 
blood cultures are of utmost importance. This is especially emphasized in BSIs 
caused by bacteria with such natural resistance profile that the commonly used 
empirical antibiotic treatments may be ineffective, e.g., the bacteria included in 
our study. Indeed, in the present study we observed that antibiotic treatment 
was appropriate only in 22.6% of bacteremia episodes within 12 hours after the 
blood culture draw.  

In this study si-MALDI-TOF was shown to increase the proportion of 
bacteremia episodes with appropriate antibiotic treatment by 12.8% within 48 
hours from the blood culture draw (78.3% vs 65.5%, P=0.112). This is in line 
with a crossover study including 253 episodes of bacteremia comparing 
traditional identification methods to direct MALDI-TOF in routine clinical 
setting which showed an 11.3% increase in proportion of patients on appropriate 
antibiotic treatment within 24 hours after blood culture positivity (64% vs 75%, 
P=0.01; Vlek et al. 2012).  

Identification by direct MALDI-TOF led to a treatment modification in 13% 
of BSIs in a prospective study including 157 BSIs (Martiny et al. 2013). However, 
this study lacked a control group. A study assessing the benefits of short 
incubation MALDI-TOF in clinical routine found information acquired from it 
leading to a change in empiric antibiotic therapy in one-fifth of patients with 
bacteremia (179 antibiotic orders analysed) and three quarters were evaluated 
rational by the authors (Köck et al. 2017). Contradicting our findings, Jeon and 
colleagues observed that use of MALDI-TOF alone did not significantly reduce 
the time to effective therapy and pointed out the benefit of concomitant ID 
assessment (Jeon et al. 2018). However, they did not use direct or short 
incubation technique, but a subculture of 18-24 hours, which method differs 
from ours. 

The impact of si-MALDI-TOF was shown especially in BSIs caused by 
Enterococcus spp. in which a significantly higher percentage of cases received 
appropriate antibiotic therapy within 48 h after blood culture draw in si-
MALDI-TOF group (87.9%) compared to control group (65.5%, P=0.036). 

In a study including 202 gram-negative bacteremias, impact of enhanced 
MALDI-TOF reporting on empiric antibiotic therapy was maximal in case of 
AmpC-producing Enterobacteriaceae as MALDI-TOF had an impact on empiric 
antibiotic therapy in 35% of bacteremia episodes in whole group, but in case of 
AmpC-producing Enterobacteriaceae (n=27) in 60% (Clerc et al. 2013). In our 
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study we could not confirm this finding, eventhough the number of AmpC-
producing Enterobacteriaceae in our study was higher. Possible explanation is 
that in a study by Clerc and colleagues only patients with ID consultation were 
included whereas in our study it was not mandatory. In a recent study 
conducted in a setting with active ASP and low resistance rates, direct MALDI-
TOF had limited impact on antibiotic treatment in whole study group (n=240), 
but in a subgroup of patients (n=100) with BSI caused by AmpC-producing, 
non-fermenting organisms, S. aureus, Streptococcus and Enterococcus spp. 
active therapy was administered more frequently within 48 hours in MALDI-
TOF group (Osthoff et al. 2017).  

An interesting and important finding in our study was the impact of si-
MALDI-TOF in a subgroup of patients with immunosuppressive medication (n= 
70). In si-MALDI-TOF group in 86.4% (n=38/44) of bacteremic episodes 
patients received appropriate antibiotic treatment within 48 hours after blood 
culture draw whereas the corresponding percentage was 57.7% (15/26) in 
control group (P=0.007). The difference remains significant also when looking 
at only those episodes with inappropriate initial empiric antibiotic therapy 
(n=54, 81.8% vs 46.7%, P=0.008). Also, the proportions of different bacteria in 
study groups were the same. Possible explanation might be that treating 
physicians observe this group of patients more closely and hence the full 
potential of rapid identification is exploited.  

Our study adds to the weight of evidence on the benefits of si-MALDI-TOF 
identification on antibiotic treatment of BSI. However, as a recent review noted, 
further studies are needed, and it emphasized that earlier information should 
also lead to an appropriate clinical response (Dixon et al. 2015). This remark is 
underlined by a study showing that MALDI-TOF method was more powerful 
when combined with ASP intervention than alone (Berganovic et al. 2017).  

The strength of this study is that it provides real-life data on the effect of si-
MALDI-TOF implementation in routine microbial diagnostics in a low 
resistance setting and its effect can be independently evaluated. We chose to 
include only BSIs caused by certain bacteria (i.e., the index bacteria) which are 
often health care-associated and due to their natural resistance profile are often 
non-susceptible to first line empiric antibiotic treatment. This approach enabled 
the high number of the index bacteria in our study compared to others, but may 
overestimate the impact of si-MALDI-TOF. Another strength is diverse patient 
population.  

This study has limitations. It is a single center study and it is retrospective. 
Bacteremia episodes were not randomized into separate groups, so inevitable 
selection bias may exist. Appropriate de-escalation of antibiotic therapy was not 
evaluated. However, the natural resistance profile of the index bacteria itself 
necessitates use of broader-spectrum antibiotics. This study was done in a low 
resistance environment so these results might not be generalizable to a high 
resistance setting. Finally, the study was not large enough to evaluate the si-
MALDI-TOF method´s impact on clinical outcomes, such as mortality or length 
of stay. However, time to appropriate antibiotic therapy is probably better 
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indicator to assess the benefits of molecular rapid detection, as true mortality 
benefits may be difficult to detect (Timbrook et al. 2017). 

6.2 STUDY II: FACTORS ASSOCIATED WITH BLOOD 
CULTURE POSITIVITY IN PATIENTS WITH CSSSI

Blood cultures were positive in 23.6% of patients from whom blood was 
sampled. This percentage is higher than in most studies. A similar observational 
multi-center study from Central and Southern Europe including also patients 
with cSSSI observed a blood culture positivity of 12% of those who had blood 
cultures performed with similar blood culturing rate of 53% as in our study 
(Garau et al. 2013). A study including 334 hospitalized patients with skin and 
soft-tissue infection found bacteremia in 16% of patients from whom blood was 
cultured (52%; van Daalen et al. 2017). 

Most common blood culture isolates were Streptococcus pyogenes and 
Staphylococcus aureus with equal shares (n=19, 31%). Non-A beta-hemolytic 
streptococci were found in 20% (n=12) and gram-negative bacteria only in one 
case. These findings differ from the study by van Daalen and colleagues who 
found more gram-negative bacteria than Staphylococcus aureus and Peralta 
and colleagues who found a gram-negative etiology in one-fourth of bacteremias 
(Peralta et al. 2006, van Daalen et. al 2017). Differences might be explained by 
differences in patient selection. In addition, in a study by Peralta et al. blood 
culture sampling rate was only 14% indicating probably that blood culturing 
were performed in more severe cases (positivity rate was 19%; Peralta et al. 
2006). Similar predominance of beta-hemolytic streptococci and S. aureus has 
been observed in observational study including cSSSI (Jenkins et al. 2010). In 
abovementioned large study including patients with cSSSI 40% of all blood 
culture isolates were S. aureus, but only 22% were beta-hemolytic streptococci 
(Garau et al. 2013), whereas in our study corresponding percentages were 31% 
and 51%. 

Factors found to be associated with increased blood culturing were diabetes, 
symptom duration shorter than two days and CRP measure over 150 mg/L at 
the time of the diagnosis. CRP over 150 mg/L was found to be associated with 
increased blood sampling rate in multivariate analysis and CRP measured at 
time of the diagnosis was significantly higher in patients from whom blood was 
cultured (median 181 mg/L) compared to those not subjected to blood culture 
sampling (median 130 mg, P=0.003). Similarly, in a study including 476 
patients with uncomplicated cellulitis higher CRP was linked to more blood 
culturing (77 mg/L vs 119 mg/L, P<0.001; Bauer et al. 2016) and in another 
study including patients with erysipelas mean CRP was 91 mg/L for those who 
had blood cultured compared to 57 mg/L for those who did not (Bläckberg et al. 
2015). Eventhough higher CRP seemed to encourage clinicians to order blood 
cultures, it was not associated with blood culture positivity in multivariate 
analysis in our study. In a study by Bauer and colleagues CRP was significantly 
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higher in bacteremic patients (187 mg/L) than in non-bacteremic patients (116 
mg/L, P=0.02) in univariate analysis, but this result did not persist in 
multivariable analysis (Bauer et al. 2016). In addition, another study also found 
diabetes to be associated with increased blood culturing in patients with 
erysipelas (Bläckberg et. al 2015). Of note, Bauer and colleagues and Peralta and 
colleagues used multivariate analysis in their study, but Bläckberg and 
colleagues did not. 

In multivariate analysis only alcohol abuse was found to be significantly 
associated with blood culture positivity, as 54% of patients with a history of 
alcohol abuse had positive blood cultures compared to 20% of those who did 
not. Similarly, alcohol abuse was the only discriminant patient characteristic 
linked to bacteremia in patients with uncomplicated cellulitis (Bauer et al. 
2016). 

Interestingly, prior antibiotic treatment was not negatively associated with 
blood culture positivity in our study, which is in contrast to one previous study 
(Peralta et al. 2006). However, prior antibiotic treatment discouraged clinicians 
from ordering blood cultures as patients with antibiotic treatment before the 
diagnosis of cSSSI had blood culture taken in 45% of cases compared to 55% 
who did not (P=0.004). These factors did not remain significant in multivariate 
analysis models. In any case, knowledge of prior or ongoing antibiotic treatment 
alone should not discourage clinicians from ordering blood cultures. 

Patients with cellulitis/fasciitis (i.e., no abscess or ulcer present) were more 
likely to have blood cultured compared to other patients (66% vs 23%). This 
difference was statistically significant in univariate analysis (P<0.001) and a 
strong trend was seen in multivariate analysis (OR 1.6, P=0.052). Accordingly, 
the opposite clinical conditions (i.e., by definitions used to define these 
conditions), such as an abscess, infected ulcer or post-surgical wound made 
sampling less likely (in univariate analysis). Clinicians, perhaps, evaluated 
microbial sampling from these foci to be sufficient in determining the etiology of 
infection. Also, patients with cellulitis/fasciitis were likely to be bacteremic and 
patients with an abscess less likely in univariate analysis, but in multivariate 
analysis significance of this difference was not confirmed. 

Patient´s severe co-morbidity (van Daalen et al. 2016) and presence of two 
or more co-morbid factors (Peralta et al. 2006) have been linked to bacteremia, 
but we could not confirm these findings.  

Patients with positive blood cultures had antibiotic treatment significantly 
more often streamlined compared to blood culture negative patients (23.3% vs 
6.3%, P<0.001). This is a clear benefit of blood culturing and challenges the 
finding from patients with uncomplicated cellulitis where blood culture 
positivity rarely affected antibiotic treatment (Paolo et al. 2013). In accordance 
to our results, in a study including 308 patients with lower limb cellulitis, a 
change in the antibiotic therapy was noted in 49% of patients after blood culture 
results (Peralta et al. 2006).  

In our study, bacteremia was linked to later clinical stability, which without 
the information from blood cultures might lead to a premature change of 
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antibiotic treatment to more broad-spectrum. Furthermore, one-third of blood 
culture isolates were S. aureus, which is a clinically important finding for it 
warrants prolonged antibiotic treatment, and search for deep foci such as 
endocarditis (Thwaites et al. 2011). In conclusion, several benefits of 
information gathered from positive blood cultures could be demonstrated in this 
study. The importance of blood culture-directed therapy in countries with 
higher antibiotic resistance has also been pointed out (Eron and Lipsky 2006). 

The strengths of this study derive from its population-based nature. 
Although, some patients may have been left unrecognized due to coding 
inexactness. Limitation of this study is its retrospective nature and missing data 
in some variables. In addition, 56% of patients were subjected to blood culturing 
causing selection bias. Previous analysis of this patient material showed an 
association between blood culture draw and higher mortality, and this probably 
indicates that clinicians ordered blood culturing from sicker patients 
(Jääskeläinen et al. 2016). Despite difference in blood culture drawing rates 
between the two centers, the positivity rate was similar, suggesting that in 
patients with cSSSI blood culturing should be done with low threshold. 

6.3 STUDY III: IMPACT OF PRE-OPERATIVE ANTIBIOTIC 
TREATMENT ON MICROBIAL FINDINGS FROM 
RESECTED ENDOCARDIAL MATERIAL

In our study all valve cultures were negative in patients who received more than 
two weeks of effective antibiotic treatment before surgery. Similarly, mean 
duration of effective pre-operative antibiotic treatment of 4 days (range 2-8 
days) for those who had valve cultures positive was observed (Kotilainen et al. 
2006). In another study, sensitivity of valve PCR and valve culture were similar 
in detecting the causative organisms if pre-operative antibiotic treatment was 
less than 5 days, but after that sensitivity of valve culture dropped markedly but 
PCR did not (Voldstedlund et al. 2008). In accordance, in a study of 
streptococcal IE, all but one valve culture were negative after two weeks of 
antibiotic therapy (Upton et al. 2005). One study did not find negative effect of 
pre-operative antibiotic treatment duration on valve culture yield (Peeters et al. 
2017). A quite high number of false-positive valve cultures have been reported in 
some studies raising a concern of their utility (Liesman et al. 2017). Alleviating 
this concern, in the present study only two valve cultures were ruled as 
contaminants. 

In this study we demonstrated a negative impact of the duration of the pre-
operative antibiotic treatment on the positivity of valve PCR. Patients with pre-
operative duration of antibiotic therapy shorter than two weeks had PCR 
positive in 91% of cases and after two weeks the positivity dropped markedly to 
53% (P<0.001). In addition, a significant difference in the median durations was 
observed between PCR positive and negative cases (8.5 days vs 24 days, 
P=0.001). Other studies have been unable to demonstrate a similar effect 
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(Rovery et al. 2005, Kotilainen et al. 2006, Voldstedlund et al. 2008, Peeters et 
al. 2017). The mean duration of preoperative antibiotic treatment was 19.6 days 
(range 1-58) for patients who had PCR-positivity compared to 22.6 days (range 
0-60 days) who had valve PCR-negative (P=0.65) in study from South-western 
Finland (Kotilainen et al. 2006). Voldstedlund et al. observed no significant 
difference in the median duration of pre-operative antibiotic treatment in PCR-
positive and PCR-negative cases (Voldstedlund et al. 2008). In a study of 126 
patients operated during active IE the median duration of 19.5 days of 
antimicrobial treatment (range 1-150) for patients with negative PCR and 14 
days (range 1-79) for patients with positive PCR (P=0.28) was observed (Rovery 
et al. 2005). Also, the proportion of PCR positivity in patients with antibiotic 
treatment for 15 days or less was 66% and for those over 15 days (55%, P=0.19).  

It is noteworthy that after four weeks of effective therapy nearly half of the 
patients still had PCR test positive. In one patient PCR was positive after six 
months of initial IE episode caused by Granulicatella adiacens. At the time of 
the surgery the patient was still receiving oral antibiotic due to concomitant 
spondylodiscitis. After operation the antibiotic was stopped and no relapse 
occurred. Similarly, one patient from the patient cohort of study IV had PCR 
positivity (E. faecalis) 18 months after treatment of IE without signs of active IE 
and no relapse occurred eventhough antibiotic treatment was discontinued after 
surgery. These findings point out that bacterial DNA may persist for long period 
in heart valves and cannot be used as a guide for therapy. This was further 
demonstrated in the abovementioned study in which patients with active 
treatment for endocarditis had valve PCR positivity in 60% (76 out of 126) of 
cases whereas patients who had completed the antibiotic course for IE at time of 
surgery had PCR positivity in 37% (11/30) of cases, P=0.02 (Rovery et al. 2005). 
Median time for PCR positivity in latter group (i.e., 11/30) was 167 (range 45 – 
2,920 days). Also, they found that PCR was positive significantly more often if 
histological signs of IE were present and also if Gram staining was positive. 

In conclusion, the meaning of persistence of bacterial DNA for considerable 
long time after successful treatment is uncertain. Interestingly, this applies also 
to Gram staining, which may remain positive also for longer time and is found 
positive also in patients with treated IE and sterile valve cultures and negative 
histopathology (Morris et al. 2003). 

The diagnostic value of the PCR have been shown in several studies, 
especially in cases of blood culture-negative IE (Vondracek et al. 2011, Miller et 
al. 2016). Our results add to weight of this evidence as we showed the diagnostic 
impact of PCR in 14% of cases. This is in agreement with a study from France in 
which PCR contributed to the microbiological etiology in one-fifth of IE patients 
(Gauduchon et al. 2003). A study from Canada of 68 IE patients showed even 
higher contribution of PCR method (in 31% of cases) and it made a contribution 
to the clinical decision in 13% of cases (Miller et al. 2016). 

 In the studies III and IV we describe nine cases of IE caused by Bartonella 
quintana, two cases 0f IE caused by Coxiella burnetii and two cases of IE caused 
by Tropheryma whipplei. First case of IE caused by Bartonella quintana in 
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Finland was reported from South-western Finland (Jalava et al. 1995). This case 
was included in their study from 2006 including a total 56 cases of operatively 
treated IE (Kotilainen et al. 2006). However, no other B. quintana IE cases were 
found. In studies from Sweden and Denmark including patients with IE 
undergoing surgery and molecular methods applied, no IE cases caused by 
Bartonella spp. were found (Voldstedlund et al. 2008, Vondracek et al. 2011). 
Also, in a prospective study of 334 IE cases from western Sweden, serological 
findings for B. quintana or C. burnetii were rare (Werner et al. 2003). In a 
multinational IE study, however, most cases of these two infections came from 
Europe (Murdoch et al. 2009). These observations highlight the geographical 
variation of causative agents of IE and the importance of population-based 
studies from different parts of the world.  

In the present study, one-third of Bartonella IE cases had IE-associated 
glomerulonephritis, a finding which is suggested also in previous literature 
(Khalighi et al. 2014). Two cases were also blood culture positive. In both cases 
laboratory had prior information of the suspicion, which probably enabled the 
finding. This underlines the importance of collaboration between clinicians and 
microbiologists. 

Seeing that IE is relatively rare condition and surgery is required in one-third 
to one-half of the cases, the 87 patients included in our study make it one of the 
largest of its kind. However, 22 patients were excluded because operating 
surgeon did not obtain a sample for PCR, so selection bias might exist. On the 
other hand, 12 of these occurred during the first year of study and then 1-3 cases 
annually, so the most likely explanation is that surgeons had yet not adopted a 
new protocol, rather than other systematic bias. Samples for PCR were not 
standardized. Operating surgeons obtained the sample from the sites most 
clearly infected in the visual and manual inspection of the valve.   

6.4 STUDY IV: THREE DIFFERENT CLINICAL ENTITIES OF 
INFECTIVE ENDOCARDITIS 

In the patient cohort, CAIE, HAIE and IDUIE were observed in almost equal 
proportions, each accounting for approximately one-third of the cases.  

During the study period 2013-2017 the incidence was 6.48/100,000 person-
years. No significant change in incidence between the study years was observed. 
The observed incidence is in line with a recent population-based registry study 
from entire country of Finland, which reported annual occurrence rate of IE 
admissions to be 6.33 per 100,000 person-years (Ahtela et al. 2019). Incidence 
rates in person-years according to the mode of acquisition per 100,000 were: 
2.46 for CAIE, 2.01 for HAIE and 2.01 for IDUIE. No significant change in these 
incidence rates by mode of acquisition during the study period was observed 
either. Rates for these different entities have rarely been reported. A population-
based study from Australia reported an annual incidence of HAIE to be 
1.5/100,000 (Sy and Kritharaides 2010). However, the definition of HAIE used 
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in the Australian study is narrower than commonly used, thus probably 
underestimating the true incidence. 

The present study confirms the emergence and major proportion of HAIE. In 
the whole study cohort one-third and in non-PWID nearly one-half of IE 
episodes were HAIE. In a population-based study from France one-quarter of all 
IE episodes were HAIE (Selton-Suty et al. 2012) and in a large multinational 
study excluding PWID and PVE (Benito et al. 2009) the proportion of HAIE was 
approximately one-third, which are smaller proportions compared to our 
material. In a more recent population-based study from USA (States of New 
York and California) one-half of IE cases were HAIE (Toyoda et al. 2017). 
Together with our observation, this highlights the increasing significance of 
HAIE. 

In comparison of CAIE to HAIE the present study describes distinct features: 
patients with CAIE had less frequently diabetes, chronic kidney disease and 
immunosuppressive therapy and Enterococcus spp. responsible for IE and more 
frequently viridans group streptococci as causative agent than patients with 
HAIE. The observation of higher comorbidity in HAIE has also been made in a 
population-based study from Australia (Sy and Kiritharides 2010) and in two 
studies from Spain (Fernandez-Hidalgo et al. 2008, Lomas et al. 2010). These 
three studies have also found patients with HAIE to be older compared to CAIE, 
but we could not confirm this finding. 

IDUIE accounted for one-third of the cases. This proportion is quite large 
compared to other studies (Slipczuk et al. 2013). Although, a study from 
Kentucky, USA, where the opioid epidemic is prevalent, reported an IDUIE 
proportion of 40% (Seratnahaei et al. 2014) and a study from Western Norway 
reported a proportion of 23.5% (Jordal et al. 2018). Both these two studies 
noted also an increase in IDUIE during their study periods. An increase in 
IDUIE was also noted in a national register study from USA (Rudasill et al. 
2019). These studies highlight the growing importance of IDUIE due to 
increasing drug abuse in many western countries. However, population-based 
registry study from Spain reported proportions of less than 5% during the study 
period 2003-2014 with decreasing numbers (Olmos et al. 2017) and a 
population-based study from France reported 5.8% share of IDUIE (Selton-Suty 
et al 2012). These studies demonstrate the geographical variation in proportions 
of IDUIE of all IE cases and point out the need to be cautious when 
extrapolating data on IDUIE from different regions. Drug abuse predisposing to 
IE may be higher in our study´s region compared to many other regions. 
Approximately one-third of Finnish problem drug users (i.e., abusers of 
methamphetamine and opioids) reside in the study area and in 2012 there were 
an estimated 5,600-10,300 problem users in the study area (representing 
0.73%-1.34% of the population aged between 15 and 65; Varjonen 2015). Also, 
incidence of drug abuse in Finland is increasing (Kankaanpää et al. 2016). 
Altogether, our finding of IDUIE accounting for one-third of the IE episodes, an 
equal share compared to HAIE, is one of the key findings in this study and 
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indicates that in areas where drug use is common concomitant IDUIE 
contributes to a large part of all episodes of IE. 

Studies comparing features of IDUIE to other community-acquired IEs are 
very rare and most studies compare IDUIE to non-IDUIE in which case the non-
IDUIE group also includes those with health care-association. In our material, 
patients in CAIE group were older with higher comorbidity and proportion of 
males than in IDUIE. Also, left-sided IE and viridans group streptococci as 
etiology were more frequent in CAIE than IDUIE. Whereas, in CAIE both-sided 
infection, a history of previous IE and S. aureus as etiology was less frequent. A 
recent study comparing IDUIE to non-IDUE found similar differences as we 
describe, although in IDUIE group itself left-sided IE occurred more frequently 
compared to right-sided (45% vs 35%) which differs from our material (Leahey 
et al. 2019). A study describing a cohort of 202 IEs in PWID described 
characteristics very similar to ours: median age of 34, right-sided infection in 
64% and S. aureus being responsible for 77% of cases (Rodger et al. 2018). 

Results of this study confirm the role of S. aureus as a leading pathogen 
causing IE in a population level. In whole study group S. aureus constituted 
one-third of the cases, followed by viridans group streptococci (21.4%) and 
enterococci (9.9%). Similar proportions are reported from other studies 
(Murdoch et al. 2009, Selton-Suty et al. 2012). Some studies have noted an 
increase in enterococcal IE and with proportions higher than ours, 13%-16% 
(Jordal et. al 2018, Habib et al. 2019). 

Approximately in one-sixth of the IE cases cerebral complication occurred.  
Septic emboli to other sites occurred in half of the cases, and less frequently in 
CAIE compared to IDUIE. This is probably to do with more S. aureus IE in 
IDUIE.  

Overall, 23% of patients needed operative treatment. This is in line with 
other population-based studies (Sy and Kritharides 2010, DeSimone et al. 2015, 
Toyoda et al. 2017). Higher surgery rates are reported from referral centre-
based studies (DeSimone et al. 2015, Olmos et al. 2017). CAIE cases were 
operated more frequently than patients with IDUIE, probably due to left-sided 
dominance of location of IE in CAIE. 

We report in-hospital mortality rate of 17%. Most population-based studies 
report similar rates (Selton-Suty et al. 2012, Keller et al. 2017). Both in-hospital 
mortality and one-year mortality were lower in CAIE compared to HAIE (15% vs 
28% and 19% vs 43%, respectively). Similar observations of higher mortality in 
HAIE have been made in previous studies as well and they have found HAIE to 
be an independent risk factor for death (Fernandez-Hidalgo et al. 2008, Lomas 
et al. 2010). Lower mortality-risk in patients with IDUIE compared to non-
IDUIE was observed in a large registry-base study from USA (Rudasill et al. 
2019), but in our study we found no statistical difference (9% vs 15%, P=0.200). 
The trend toward lower mortality in IDUIE compared to CAIE is, however, 
observed and lack of statistical significance is probably due to low total numbers 
of cases. Interesting observation is the increase in mortality in IDUIE group 
when comparing in-hospital mortality to one-year mortality (from 9.3% to 
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17.5%) while similar change is not seen in CAIE (from 15% to 19%). Given the 
younger age, lower co-morbidity and more frequent right-sided location (i.e., all 
factors associated with better come) in IDUIE, the increase in mortality is 
therefore probably explained by some other factor. The most plausible being 
continuing drug abuse, which highlights the importance of concomitant 
addiction treatment. Addiction treatment has been noted to impact better 
outcome (Rodger et. 2018). 

The major strength of this study is its population-based nature. Most data on 
IE are derived from patients treated in referral centrals (Slipczuk et al. 2013). 
This introduces a selection bias towards more complicated cases (Kanafani et al. 
2010). We decided to categorize IE according to the mode of acquisition for 
following reasons: 1) to determine their proportions and incidence and 2) to 
describe their unique features and differences. IDUIE is a well-known distinct 
clinical entity of IE and IDU is a strong risk factor for IE (Moss and Munt 2003), 
so IDUIE was reasonable to consider as its own entity. Moreover, health care-
association in IDUIE cases is rare (Asgeirsson et. al 2016, Rodger et al. 2018). 
Another strength of this study is complete information on microbiology and very 
few missing data. In addition, an infectious disease specialist (M.H.) collected 
and reviewed all data. 

Limitations derive from the retrospective nature of the study. Data on patient 
history before hospitalization were retrieved from medical patient records thus 
the accuracy of the data rely on the notes of the treating physicians. Patients 
were recognized using ICD-10 codes, so some cases may have been left out due 
to coding inaccuracy. If a patient had moved outside the study region during the 
following year the follow-up data might be inaccurate. Findings of this 
population-based study might not be generalizable outside the study population. 

6.5 FUTURE CONSIDERATIONS

The benefit of new microbial methods should be examined also from the clinical 
standpoint. The impact of MALDI-TOF on the treatment and outcome in 
patients with BSI is well studied, but further studies are needed. Our study 
showed that even when introduced into a routine clinical setting si-MALDI-TOF 
had a positive impact on the treatment of selected BSIs. However, MALDI-TOF 
is probably even more powerful if combined with ASP intervention, i.e., in the 
hands of experts who are capable of fully exploiting the provided new 
information. The lack of ASP probably explains why si-MALDI-TOF did not 
provide additional impact in case of AmpC-producing Enterobacteriaecae BSI. 
In addition to ASP intervention, electronic reminders and antibiotic guidelines 
might help to fully exploit the benefits of the new rapid diagnostic methods. The 
impact and cost-effectiveness of MALDI-TOF alone versus in combination with 
ASP should be further studied. Various rapid diagnostic tests, including MALDI-
TOF, are being developed and studied to target also the possible resistance of 
the bacteria causing BSI and their clinical impact should be studied from 
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clinicians’ perspective. However, currently and in the near future these will only 
be supplementary to conventional blood cultures. 

Only few studies exist to study the impact of pre-operative antimicrobial 
treatment duration on the yield of microbial samples obtained during heart 
surgery in patients with IE. This should be further studied. If the yield of PCR 
method is confirmed to diminish with prolonged treatment that would in blood 
culture negative patients even advocate earlier timing of surgery. The cost-
effectiveness of the PCR method routinely obtained from patients with IE is 
undetermined and should be examined. The data from our, and other studies as 
well, strongly support the usefulness of routine valve PCR in surgery performed 
for IE.  

In case of SSSI, when should a clinician order blood culturing? Based on our 
study, in case of cSSSI even a routine blood culture sampling might be feasible 
for the following reasons: 1) the high blood culture positivity rate, 2) benefit of 
the information gained from positive blood cultures, and 3) practical difficulties 
with prediction scores. At least in alcoholics with cSSSI blood culturing 
routinely is feasible. Other risk groups need further defining. Additionally, 
factors associated with bacteremia in different entities of SSSI deserve further 
study. The cost benefit of blood culture sampling in patients with cSSSI remains 
undefined and should be studied. 

Infective endocarditis is a challenge for clinicians. Given the evolving nature 
of IE, repeated studies on its epidemiology and microbial etiology are 
warranted. The ageing population in developed countries underlines this need. 
The modified Duke criteria have been widely used since their introduction 
twenty years ago. Uniform criteria are necessary in studies of IE. However, they 
should be modified again. ESC has proposed other imaging studies to be added 
along with cardiac echocardiogram to improve sensitivity and specificity. A 
recent large multinational study (EURO-ENDO study) used these new criteria. 
Also, PCR from valve samples should be added to the diagnostic criteria of IE. 
As HAIE is a growing and challenging entity of IE, generally accepted definition 
of HAIE is called for. Prevention of IE is its best treatment and this warrants 
further studies, given the emerging and challenging entities of HAIE and IDUIE. 
As HAIE is often a result of bacteremia associated with health-care procedures, 
especially intravascular catheter use, all effort should be made to reduce the risk 
of such bacteremia. 
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7 CONCLUSIONS

Following conclusions can be drawn from the results of the studies: 
 

Study I
This study demonstrated that implementation of si-MALDI-TOF method into a 
routine clinical setting had a favourable impact on the empiric antibiotic 
treatment of selected BSIs. A significant benefit was demonstrated in patients 
with enterococcal BSIs.  

 
Study II
A population-based study including patients with cSSSI found that none of the 
factors associated with blood culture sampling were associated with blood 
culture positivity. Alcohol abuse was the only discriminant patient characteristic 
associated with blood culture positivity. Given the high proportion of bacteremic 
patients with cSSSI and the demonstrated clear benefit of information acquired 
from blood cultures, we recommend that clinicians should order blood cultures 
in this scenario with low threshold. 

 
Study III
In a large cohort of operatively treated patients with IE we found that pre-
operative antibiotic treatment decreased the diagnostic yield of microbiological 
samples obtained from resected endocardial material. All valve cultures were 
negative in patients who had received pre-operative antimicrobial treatment for 
more than two weeks. PCR positivity also dropped from 91% to 60% after two 
weeks of antimicrobial treatment, but remained approximately in 50% after four 
weeks of treatment. PCR from resected endocardial material had a diagnostic 
impact in one-sixth of the cases in whole study cohort and it was especially 
useful if blood cultures were negative. 

 
Study IV
The present population-based study was the first to explore the incidence, 
characteristics, microbial etiology and outcome of IE in the Helsinki University 
Hospital area. The study described IE incidence of 6.48 per 100,000 person-
years in adults in the study area. Almost equal shares of CAIE, HAIE, and 
IDUIE were observed and their distinct clinical features and outcome were 
described. In areas where drug use is common, concomitant IDUIE seems to 
constitute to a major part of all IE episodes, and even with an equal share than 
HAIE. These two entities also differ from CAIE. Findings of this study are of 
benefit to physicians treating the challenging entity of IE and suggest that in 
future studies on IE the three entities should be considered separately. 



  

79 

8 ACKNOWLEDGEMENTS

This study was carried out at the Division of Infectious Diseases, Inflammation 
Center, Helsinki University Hospital between years 2015 and 2020. 

 
I owe my deepest gratitude to the following: 

 
Professor Asko Järvinen, Head of the Division of Infectious Diseases. Asko has 
been one of the key figures in making this thesis possible. He hopped on board 
after Study I and participated greatly in Studies II-IV. As a boss and a research 
fellow, Asko is easily approachable, encouraging and trustworthy. Asko has 
provided me the needed leaves from clinical work and also facilities to conduct 
research. Asko has a unique talent to see and phrase the essential. 

 
Thesis supervisors, docents Veli-Jukka Anttila and Timi Martelius. VJ had the 
basic idea for these works: to evaluate new microbiological methods from 
clinicians’ perspective and to study endocarditis in HUS area. VJ is a legend and 
it´s always a privilege to work with one. I am grateful that Timi, fellow Laru 
Islander, acted as the other supervisor for this thesis work. Timi has rational 
and concise opinions, which are widely appreciated. I thank both these chaps for 
their friendly and encouraging attitude and guidance throughout this work. 

 
The collaborators in the microbiology laboratory, HUSLAB. Meetings with 
Professor Pentti Kuusela, whenever he could find time from saxophone playing, 
were inspiring and helpful for a common clinician to understand the spirals of 
microbiological methods. Pena and Dr. Annika Nevalainen contributed to Study 
I. Microbiologist Jenni Antikainen, PhD, contributed to Study III. I am most 
grateful for their important contribution to these works, without which these 
would not have been possible. 

 
All other co-writers. Especially I salute Dr. Iiro Jääskeläinen, PhD. It was a 
discussion in one fall evening at the legendary Aurora Hospital that led to Study 
II, which is based on material from Iiro’s iconic thesis work. Iiro´s wisdom and 
practical approach has helped me, not only in this thesis work, but also in 
clinical problems in daily work. I thank docent Ulla-Stina Salminen for 
participating in Study III and bringing the valuable surgeon’s insight to the 
work. 

 
Docent Ulla Hohenthal and Professor Risto Vuento, the reviewers of the thesis 
work. I am honoured that they agreed to review this work and I am truly in debt 
for their valuable comments and kind criticism. This book was much improved 
by their commentary. 

 



Acknowledgements 

80 

 
Thesis committee members: esteemed docents Janne Suominen and Kaisa 
Huotari. Docent Suominen has excelled not only in his professional career, 
hence the nomination to the committee, but also as a close friend. I am thankful 
for our annual cultural journeys to Europe. These travels are characterized by 
lively discussions (mainly on research, we tell home), culture and sport. Kaisa is 
a close colleague at Infectious Diseases Clinic and widely acknowledged for her 
clinical skills, common sense and very pleasant character. I thank Kaisa for 
teaching me basic skills in infectious diseases. 

 
Truly, absolutely superb staff at Infectious Diseases Clinic. I am grateful for 
team manager Asko for signing me in 2010 and letting me play in this team with 
world-class players. As Dr. Iiro Jääskeläinen has wisely said: this is the best 
workplace in the world. 

Discussions with Dr. Juha Suhonen on endocarditis have been helpful for 
this work. Juha has rationale opinions and I also thank Juha for many clinical 
consultations. Juha is also a good friend and he has a sense for good music (with 
a few exceptions). I am in debt for talented and educated clinician Lasse 
Lönnqvist who has taught me a lot about infectious diseases and about rock and 
roll. My brother in arms (HIFK fan) Eero Mattila should not go unmentioned, 
for he is the one to understand the sport analogue in the first paragraph.  

And, then there is docent Jussi Sutinen. Jussi is a remarkable chap armed 
with staggering common sense and good sense of humour. Jussi is the one 
everybody at work misses right on the first day of his vacation. I thank Mr. 
Susinen for answering numerous consultations on infectious diseases, research 
– and pretty much on everything. 

 I thank in advance Dr. Inka Aho who actually has promised to read this 
thesis work. 

 
Everybody in The Infectious Diseases Clinic. I cannot name you all. The 
superlatives needed would make this book so thick that I would fall out of 
budget! 

  
The Wiuhumoukari gang, and all friends and family who have encouraged me 
on this thesis work. Annual gathering of the gang at Mr. Tomi Sippola´s 
summer cottage in Kuortane, Ostrobothnia is truly the highlight of the year. The 
social network provided by the gang through the years has been very 
encouraging. Chemist and old friend Mikko Neuvonen, I thank Mikko for the 
talks and interest in this work. I thank Mr. Salminen for beating me in the 
Squash court time and again over the years. It teaches one to be humble. 

 
My late father. He appreciated education and provided me with continuous 
support in school, in university and in life. I knew that I could always trust him 
and I know he would be very proud of me for accomplishing this.  

 



  

81 

Folks at home, Laru Island, Anu and Kaapo. This thesis work would not have 
been possible without your love, support and encouragement. For these, I am 
forever in debt. Especially, Lego building sessions with sushiahmatti (this is the 
title he himself chose) Kaapo provided me the needed breaks from daily routines 
and work. You are my everything.  
 
The power of rock and roll that is best manifested in Mr. Neil Young and in the 
sound of his guitar, and in the melodies and lyrics of The Beautiful South. Rock 
has provided the spirit, the comfort and the concentration on a long and 
windin´road with this thesis work. I also thank the most legendary sport clubs: 
Liverpool F.C. and HIFK Hockey for their magical, supreme performances. 
These teams have showed me the meaning of persistence as a crucial part in 
victory. As Sir Winston Churchill said: “Never give in, never, never, never!” 

 
This work has been financially supported by grants from HUS Inflammation 
Center Research Fund (EVO grant), the Infectious Diseases Society of Finland 
(Suomen Infektiolääkärit ry), the Finnish Medical Foundation (Suomen 
Lääketieteen säätiö), Aarne Koskelo foundation and Ida Montin foundation. 

 
Finally, I end this thesis book with a citation from a great Finnish poet whose 
lyrics I find myself often hymning when looking back at this work: 

 

“ Olin ehyt ja rento ja tiesin mitä hain “ 

- Juice Leskinen 

 
 

 
Helsinki, August 2020 

 
Mika Halavaara 

 
 



References 

82 

9 REFERENCES

Ahtela E, Oksi J, Porela P, Ekström T, Rautava P, Kytö V. Trends in occurrence 
and 30-day mortality of infective endocarditis in adults: population-based 
registry study in Finland. BMJ Open 2019; 9:e026811. 

 
Alagna L, Park LP, Nicholson BP, Keiger AJ, Strahilevitz J, Morris A, Wray D, 

Gordon D, Delahaye F, Edathodu J, Miró JM, Fernández-Hidalgo N, 
Nacinovich FM, Shahid R, Woods CW, Joyce MJ, Sexton DJ, Chu VH. 
Repeat endocarditis: analysis of risk factors based on the International 
Collaboration on Endocarditis – prospective cohort study. Clin Microbiol 
Infect 2014; 20:566-575. 

 
Alahmadi YM, Aldeyab MA, McElnay JC, Scott MG, Darwish Elhajji FW, Magee 

FA, Dowds M, Edwards C, Fullerton L, Tate A, Kearney MP. Clinical and 
economic impact of contaminated blood cultures within the hospital setting. 
J Hosp Infect 2011; 77:233-236.  

 
Allerberger F, Kern WV. Bacterial bloodstream infection. Clin Microbiol Infect 

2020; 26:140-141. 
 
Ambrosioni J, Hernandez-Meneses M, Téllez A, Péricas J, Falces C, Tolosana 

JM, Vidal B, Almela M, Quintana E, Llopis J, Moreno A, Miro JM; the 
Hospital Clinic Infective Endocarditis Investigators. The changing 
epidemiology of infective endocarditis in the twenty-first century. Curr Infect 
Dis Rep 2017; 19:21. 

 
Asgeirsson H, Thalme A, Weiland O. Low mortality but increasing incidence of 

Staphylococcus aureus endocarditis in people who inject drugs: experience 
from a Swedish referral hospital. Medicine (Baltimore) 2016; 95:e5617.  

 
Baddour LM, Wilson WR, Bayer AS, Fowler VG Jr., Tleyjeh IM, Rybak MJ, 

Barsic B, Lockhart PB, Gewitz MH, Levison ME, Bolger AF, Steckelberg JM, 
Baltimore RS, Fink AM, O´Gara P, Taubert KA. Infective endocarditis in 
adults: diagnosis, antimicrobial therapy, and management of complications: 
a scientific statement for healthcare professionals from the American Heart 
Association. Circulation 2015; 132:1435-1486. 

 
Barlam TF, Cosgrove SE, Abbo LM, MacDougall C, Schuetz AN, Septimus EJ, 

Srinivasan A, Dellit TH, Falck-Ytter YT, Fishman NO, Hamilton CW, Jenkins 
TC, Lipsett PA, Malani PN, May LS, Moran GJ, Neuhauser MM, Newland JG, 
Ohl CA, Samore MH, Seo SK, Trivedi KK. Implementing an antibiotic 
stewardship program: guidelines by the Infectious Diseases Society of 
America and Society for Healthcare Epidemiology of America. Clin Infect Dis 
2016; 62:1197-1202. 

 
Baron EJ, Scott JD, Tompkins LS. Prolonged incubation and extensive 

subculturing do not increase recovery of clinically significant 



  

83 

microorganisms from standard automated blood cultures. Clin Infect Dis 
2005; 41:1677-1680. 

 
Baron EJ, Miller JM, Weinstein MP, Richter SS, Gilligan PH, Thomson RB Jr, 

Bourbeau P, Carroll KC, Kehl SC, Dunne WM, Robinson-Dunn B, 
Schwartzman JD, Chapin KC, Snyder JW, Forbes BA, Patel R, Rosenblatt JE, 
Pritt BS. A guide to utilization of the microbiology laboratory for diagnosis of 
infectious diseases: 2013 recommendations by the Infectious Diseases 
Society of America (IDSA) and the American Society of Microbiology (ASM). 
Clin Infect Dis 2013; 57:485-488. 

 
Bauer S, Aubert CE, Richli M, Chuard C. Blood cultures in the evaluation of 

uncomplicated cellulitis. Eur J Intern Med 2016; 36:50-56. 
 
Ben-Ami R, Giladi M, Carmeli Y, Orni-Wasserlauf R, Siegman-Igra Y. Hospital-

acquired infective endocarditis: should the definition be broadened? Clin 
Infect Dis 2004; 38:843-850. 

 
Benito N, Miró JM, de Lazzari E, Cabell CH, del Rió A, Altclas J, Commerford P, 

Delahaye F, Dragulescu S, Giamarellou H, Habib G, Kamarulzaman A, 
Kumar AS, Nacinovich FM, Suter F, Tribouilloy C, Venugopal K, Moreno A, 
Fowler VG Jr; ICE-PCS Investigators. Health care-associated native valve 
endocarditis: importance of non-nosocomial acquisition. Ann Intern Med 
2009; 150:586-594.  

 
Benito N, Pericas JM, Gurguí M, Mestres CA, Marco F, Moreno A, Horcajada 

JP, Miró JM. Health care-associated infective endocarditis: a growing entity 
that can be prevented. Curr Infect Dis Rep 2014; 16:439. 

 
Berganovic M, Costello M, Wieczorkiewicz SM. Effect of matrix-assisted laser 

desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) 
alone versus MALDI-TOF MS combined with real-time antimicrobial 
stewardship interventions on time to optimal antimicrobial therapy in 
patients with positive blood cultures. J Clin Microbiol 2017; 55:1437-1445. 

 
Bizzini A, Greub G. Matrix-assisted laser desorption ionization time-of-flight 

mass spectrometry, a revolution in clinical microbial identification. Clin 
Microbiol Infect 2010; 16:1614-1619. 

   
Bläckberg A, Trell K, Rasmussen M. Erysipelas, a large retrospective study of 

aetiology and clinical presentation. BMC Inf Dis 2015; 15:402.  
 
Bosshard PP, Kronenberg A, Zbinden R, Ruef C, Böttger EC, Altwegg M. 

Etiologic diagnosis of infective endocarditis by broad-range polymerase 
chain reaction: a 3-year experience. Clin Infect Dis 2003; 37:167-172. 

 
Byl B, Clevenbergh P, Jacobs F, Struelens MJ, Zech F, Kentos A, Thys JP. 

Impact of infectious diseases specialists and microbiological data on the 
appropriateness of antimicrobial therapy for bacteremia. Clin Infect Dis 
1999; 29:60-66. 

 



References 

84 

Cahill TJ, Prendergast BD. Infective endocarditis. Lancet 2016; 387:882-893. 
 
Cahill TJ, Baddour LM, Habib G, Hoen B. Challenges in infective endocarditis. J 

Am Coll Cardiol 2017; 69:325-344. 
 
Cheng MP, Stenstrom R, Paquette K, Stabler SN, Akhter M, Davidson AC, 

Gavric M, Lawandi A, Rehman J, Saeed Z, Demir K, Huang K, Mahpour A, 
Shamatutu C, Caya C, Troquet JM, Greg C, Yansouni CP, Sweet D; for the 
FABLED Investigators. Blood culture results before and after antimicrobial 
administration in patients with severe manifestation of sepsis: a diagnostic 
study. Ann Intern Med 2019; 171:547-554. 

 
Chu VH, Sexton DJ, Cabell CH, Reller LB, Pappas PA, Singh RK, Fowler VG Jr, 

Corey GR, Aksoy O, Woods CW. Repeat infective endocarditis: 
differentiating relapse from reinfection. Clin Infect Dis 2005; 41: 406-409. 

 
Chu VH, Miro JM, Hoen B, Cabell CH, Pappas PA, Jones P, Stryjewski ME, 

Anguera I, Braun S, Munoz P, Commerford P, Tornos P, Francis J, Oyonarte 
M, Selton-Suty C, Morris AJ, Habib G, Almirante B, Sexton DJ, Corey GR, 
Fowler VG Jr; ICE-PCS Group. Coagulase-negative staphylococcal prosthetic 
valve endocarditis – a contemporary update based on the International 
Collaboration on Endocarditis: prospective cohort study. Heart 2009; 95: 
570-576. 

 
Clerc O, Prod’hom G, Vogne C, Bizzini A, Calandra T, Greub G. Impact of 

matrix-assisted laser desorption ionization time-of-flight mass spectrometry 
on the clinical management of patients with gram-negative bacteremia: a 
prospective observational study. Clin Infect Dis 2013; 56:1101-1107.  

 
Coburn B, Morris AM, Tomlinson G, Detsky AS. Does this adult patient with 

suspected bacteremia require blood cultures? JAMA 2012; 308:502-511. 
 
Cooper HL, Brady JE, Ciccarone D, Tempalski B, Gostnell K, Friedman SR. 

Nationwide increase in the number of hospitalizations for illicit injection 
drug use-related infective endocarditis. Clin Infect Dis 2007; 45:1200-1203. 

 
Cresti A, Chiavarelli M, Scalese M, Nencioni C, Valentini S, Guerrini F, D’Aiello 

I, Picchi A, De Sensi F, Habib G. Epidemiological and mortality trends in 
infective endocarditis, a 17-year population-based prospective study. 
Cardiovasc Diagn Ther 2017; 7:27-35. 

 
Cuervo G, Rombauts A, Caballero Q, Grau I, Pujol M, Ardanuy C, Berbel D, 

Gudiol C, Sánchez-Salado JC, Ruiz-Majoral A, Sbraga F, Gracia-Sánchez L, 
Pena C, Carratalá J. Twenty-year secular trends in infective endocarditis in a 
teaching hospital. Open Forum Infect Dis 2018; 5:ofy183. 

 
Dahl A, Iversen K, Tonder N, Hoest N, Arpi M, Dalsgaard M, Chehri M, 

Soerensen LL, Fanoe S, Junge S, Hoest U, Valeur N, Lauridsen TK, Fosbol E, 
Hoi-Hansen T, Bruun NE. Prevalence of infective endocarditis in 
Enterococcus faecalis bacteremia. J Am Coll Cardiol 2019; 74:193-201. 

 



  

85 

 
Dargére S, Parienti JJ, Roupie E, Gancel PE, Wiel E, Smaiti N, Loiez C, Joly LM, 

Lemée L, Pestel-Caron M, du Cheyron D, Verdon R, Leclercq R, Cattoir V; 
UBC study group. Unique blood culture for diagnosis of bloodstream 
infections in emergency departments: a prospective multicentre study. Clin 
Microbiol Infect 2014; 20:O920-O927. 

 
Dayer MJ, Jones S, Prendergast B, Baddour LM, Lockhart PB, Thornhill MH. 

Incidence of infective endocarditis in England, 2000-13: a secular trend, 
interrupted time-series analysis. Lancet 2015; 385:1219-1228. 

 
De Camargo RA, Sommer Bitencourt M, Meneghetti JC, Soares J, Goncalves 

LFT, Buchpiguel CA, Paixao MR, Felicio MF, de Matos Soeiro A, Varejao 
Strabelli TM, Mansur AJ, Tarasoutchi F, Tavares de Oliveira M, Bianchi 
Castelli J, Menosi Gualandro D, Zoboli Pocebon L, Blankstein R, Alavi A, 
Moore JE, Millar BC, Focaccia Siciliano R. The role of 18F-
Fluorodeoxyglucose positron emission tomography/computed tomography 
in the diagnosis of left-sided endocarditis: native vs prosthetic valves 
endocarditis. Clin Infect Dis 2020; 70:583-594. 

 
Delahaye F, M´Hammedi A, Guerpillon B, de Gevigney G, Boibieux A, 

Dauwalder O, Bouchiat C, Vandenesch F. Systematic search for present and 
potential portals of entry for infective endocarditis. J Am Coll Cardiol 2016. 
67:151-158. 

   
Delahaye F, Duclos A. Is infective endocarditis changing over time? J Am Coll 

Cardiol 2017; 70:2805-2807. 
 
Delport JA, Strikwerda A, Armstrong A, Schaus D, John M. MALDI-ToF short 

incubation identification from blood cultures is associated with reduced 
length of hospitalization and a decrease in bacteremia associated mortality. 
Eur J Clin Microbiol Infect Dis 2017; 36:1181-1186. 

 
Dessap AM, Zahar JR, Voiriot G, Ali F, Aissa N, Kirsch M, Brun-Buisson C. 

Influence of preoperative antibiotherapy on valve culture results and 
outcome of endocarditis requiring surgery. J Infect 2009; 59:42-48. 

 
DeSimone DC, Tleyjeh IM, Correa de Sa DD, Anavekar NS, Lahr BD, Sohail MR, 

Steckelberg JM, Wilson WR, Baddour LM. Temporal trends in infective 
endocarditis epidemiology from 2007 to 2013 in Olmsted County, MN. Am 
Heart J 2015; 170:830-836. 

 
Diekema DJ, Beekmann SE, Chapin KC, Morel KA, Munson E, D0ern GV. 

Epidemiology and outcome of nosocomial and community-onset 
bloodstream infection. J Clin Microbiol 2003; 41:3655-3660. 

 
Díez-Villanueva P, Munoz P, Marín M, Bermejo J, de Alarcón González, Farinas 

MC, Guiérrez-Cuadra M, Pericás Pulido JM, Lepe JA, Castelo L, Goenaga 
MA, Ruiz-Morales J, Tarabini P, Martínez-Sellés M, GAMS (Spanish 
Collaboration on Endocarditis). Infective endocarditis: absence of 
microbiological diagnosis is an independent predictor of inhospital 
mortality. Int J Cardiol 2016; 220:162-165. 



References 

86 

 
Dixon P, Davies P, Hollingworth W, Stoddart M, MacGowan A. A systematic 

review of matrix-assisted laser desorption/ionisation time-of-flight mass 
spectrometry compared to routine microbiological methods for the time 
taken to identify microbial organisms from positive blood cultures. Eur J 
Clin Microbiol Infect Dis 2015; 34:863-876. 

 
Doern GV. The value of outcomes data in the practice of clinical microbiology. J 

Clin Microbiol 2014; 52:1314-1316. 
 
Donnerberg MS. Enterobacteriaceae. In: Mandell GL, Bennett JE, Dolin R, 

editors. Mandell, Douglas, and Bennett´s Principles and Practise of 
Infectious Diseases, 7th edition, Philadelphia: Elsevier; 2010, p. 2815-2833. 

 
Drancourt M. Detection of microorganisms in blood specimens using matrix-

assisted laser desorption ionization time-of-flight mass spectrometry: a 
review. Clin Microbiol Infect 2010; 11:1620-1625. 

 
Dryden MS. Complicated skin and soft tissue infection. Clin Microbiol Infect 

2010; 65, supl_3:iii35-iii44. 
 
Duval X, Delahaye F, Alla F, Tattevin P, Obadia JF, Le Moing V, Doco-Lecompte 

T, Celard M, Poyart C, Strady C, Chirouze C, Bes M, Cambau E, Iung B, 
Selton-Suty C, Hoen B; AEPEI Study Group. Temporal trends in infective 
endocarditis in the context of prophylaxis guideline modifications: three 
successive population-based surveys. J Am Coll Cardiol 2012; 59:1968-1976. 

 
Edwards KJ, Logan JM, Langham S, Swift C, Gharbia SE. Utility of real-time 

amplification of selected 16S rRNA gene sequences as a tool for detection and 
identification of microbial signatures directly from clinical samples. J Med 
Microbiol 2012; 61:645-652. 

 
Eliakim-Raz N, Bates DW, Leibovici L. Predicting bacteraemia in validated 

models – a systematic review. Clin Microbiol Infect 2015; 21:295-301. 
 
Eron LJ, Lipsky BA. Use of cultures in cellulitis: when, how, and why? Eur J Clin 

Microbiol Infect Dis 2006; 25:615-617. 
 
Fabre V, Sharara SL, Salinas AB, Carroll KC, Desai S, Cosgrove SE.  Does this 

patient need blood cultures? A scoping review of indications for blood 
cultures in adult non-neutropenic inpatients. Clin Infect Dis 2020; ciaa039 
(epub ahead of print). 

 
Faron ML, Buchan BW, Ledeboer NA. Matrix-assisted laser desorption 

ionization time-of-flight mass spectrometry for use with positive blood 
cultures: methodology, performance, and optimization. J Clin Microbiol 
2017; 55:3328-3338. 

 
FDA, Center for Drug Evaluation and Research, Food and Drug Administration. 

Guidance for industry: uncomplicated and complicated skin and skin 
structure infections – developing antimicrobial drugs for treatment. 



  

87 

Washington, DC. Food and Drug Administration, US Department of Health 
and Human Services; 1998. 

 
Fernández-Hidalgo N, Almirante B, Tornos P, Pigrau C, Sambola A, Igual A, 

Pahissa A. Contemporary epidemiology and prognosis of health care-
associated infective endocarditis. Clin Infect Dis 2008; 47:1287-1297. 

 
Fluckiger U, Zimmerli W, Sax H, Frei R, Widmer AF. Clinical impact of an 

infectious disease service on the management of bloodstream infection. Eur 
J Clin Microbiol Infect Dis 2000; 19:493-500. 

 
Fournier PE, Thuny F, Richet H, Lepidi H, Casalta JP, Arzouni JP, Maurin M, 

Célard M, Mainardi JL, Caus T, Collart F, Habib G, Raoult D. Comprehensive 
diagnostic strategy for blood culture-negative endocarditis: a prospective 
study of 819 new cases. Clin Infect Dis 2010; 51:131-140. 

 
Fournier PE, Gouriet F, Casalta JP, Lepidi H, Chaudet H, Thuny F, Collart F, 

Habib G, Raoult D. Blood culture-negative endocarditis: improving the 
diagnostic yield using new diagnostic tools. Medicine (Baltimore) 2017; 
96:e8392. 

 
Fowler VG Jr, Miro JM, Hoen B, Cabell CH, Abrutyn E, Rubinstein E, Corey GR, 

Spelman D, Bradley SF, Barsic B, Pappas PA, Anstrom KJ, Wray D, Fortes 
CQ, Anguera I, Athan E, Jones P, Van der Meer JT, Elliott TS, Levine DP, 
Bayer AS; ICE Investigators. Staphylococcus aureus endocarditis: a 
consequence of medical progress. JAMA 2005; 293:3012-3021. 

 
Fowler VG Jr, Scheld WM, Bayer AS. Endocarditis and intravascular infections. 

In, Bennett JE, Dolin R, Blaser MJ, editors. Mandell, Douglas, and Bennett´s 
Principles and Practice of Infectious Diseases. 8th Edition, Philadelphia: 
Elsivier; 2015, pages 990-1027. 

 
Fraser A, Paul M, Almanasreh N, Tacconelli E, Frank U, Cauda R, Borok S, 

Cohen M, Andreassen S, Nielsen AD, Leibovici L; TREAT Study Group. 
Benefit of appropriate empirical antibiotic treatment: thirty-day mortality 
and duration of hospital stay. Am J Med 2006; 119:970-976. 

 
Friedman ND, Kaye KS, Stout JE, McGarry SA, Trivette SL, Briggs JP, Lamm W, 

Clark C, MacFarquhar J, Walton AL, Reller LB, Sexton DJ. Health care-
associated bloodstream infections in adults: a reason to change the accepted 
definition of community-acquired infections. Ann Intern Med 2002; 137:791-
797. 

 
Frontera JA, Gradon JD. Right-side endocarditis in injection drug users: review 

of proposed mechanisms of pathogenesis. Clin Infect Dis 2000; 30:374-379.  
 
Garau J, Ostermann H, Medina J, Avila M, McBride K, Blasi F; REACH study 

group. Current management of patients hospitalized with complicated skin 
and soft tissue infections across Europe (2010-2011): assessment of clinical 
practice patterns and real-life effectiveness of antibiotics from the REACH 
study. Clin Microbiol Infect 2013; 19:E377-E385. 



References 

88 

 
Gauduchon V, Chalabreysse L, Etienne J, Célard M, Benito Y, Lepidi H, 

Thivolet-Béjui F, Vandenesch F. Molecular diagnosis of infective 
endocarditis by PCR amplification and direct sequencing of DNA from valve 
tissue. J Clin Microbiol 2003; 41:763-766. 

 
Goodlet KJ, Cameron EA, Nailor MD. Low sensitivity of procalcitonin for 

bacteremia at an academic medical center: a cautionary tale for antimicrobial 
stewardship. Open Forum Infect Dis 2020; 7:ofaa096. 

 
Goto M, Al-Hasan MN. Overall burden of bloodstream infection and nosocomial 

bloodstream infection in North America and Europe. Clin Microbiol Infect 
2013; 19:501-509. 

 
Greub G, Lepidi H, Rovery C, Casalta JP, Habib G, Collard F, Fournier PE, 

Raoult D. Diagnosis of infectious endocarditis in patients undergoing valve 
surgery. Am J Med 2005; 118:230-238. 

 
Gunderson CG, Martinello RA. A systematic review of bacteremias in cellulitis 

and erysipelas. J Infect 2012; 64:148-155. 
 
Habib G, Erba PA, Lung B, Donal E, Cosyns B, Laroche C, Popescu BA, 

Predergast B, Tornos P, Sadeghpour A, Oliver L, Vaskelyte JJ, Sow R, Axler 
O, Maggioni AP, Lancellotti P; EURO-ENDO Investigators. Clinical 
presentation, aetiology and outcome of infective endocarditis. Results of the 
ESC-EORP EURO-ENDO (European infective endocarditis) registry: a 
prospective cohort study. Eur Heart J 2019; 40:3222-3232. 

 
Habib G, Lancellotti P, Antunes MJ, Bongiorni MG, Casalta JP, Del Zotti F, 

Dulgheru R, El Khoury G, Erba PA, Iung B, Miro JM, Mulder BJ, Plonska-
Gosciniak E, Price S, Roos-Hesselink J, Snygg-Martin U, Thuny F, Tornos 
Mas P, Vilacosta I, Zamorano JL; ESC Scientific Document Group. 2015 ESC 
guidelines for the management of infective endocarditis: the task force for 
the management of infective endocarditis of the European Society of 
Cardiology (ESC). Endorsed by: European Association for Cardio-Thoracic 
Surgery (EACTS), the European Associan of Nuclear Medicine (EANM). Eur 
Heart J 2015; 36:3075-3128. 

 
Haiko J, Korhonen S, Pätäri-Sampo A: Annual report of antimicrobial drug 

resistance at Helsinki-Uusimaa region (HUSRES 2017). Available at: 
hus.fi/ammattilaiselle/huslab-
ammattilaisille/tilastot/Sivut/Bakteerilöydösten-
mikrobilääkeherkkyystilastoja-(Helsinki-ja-Uusimaa).aspx 

 
Hall R, Schaughnessy M, Boll G, Warner K, Boucher HW, Bannuru RR, Wurcel 

AG. Drug use and postoperative mortality following valve surgery for 
infective endocarditis: a systematic review and meta-analysis. Clin Infect Dis 
2019; 69:1120-1129. 

 
Harris PN, Ferguson JK. Antibiotic therapy for inducible AmpC betalactamase-

producing Gram-negative bacilli: what are the alternatives to carbapenems, 



  

89 

quinolones and aminoglycosides? Int J Antimicrob Agents 2012; 40:297-
305. 

 
 Hautala T, Syrjälä H, Lehtinen V, Kauma H, Kauppila J, Kujala P, Pietarinen I, 

Ylipalosaari P, Koskela M. Blood culture Gram stain and clinical 
categorization based empirical antibiotic therapy of bloodstream infection. 
Int J Antimicrob Agents 2005; 25:329-333. 

 
Heiro M, Helenius H, Mäkilä S, Hohenthal U, Savunen T, Engblom E, 

Nikoskelainen J, Kotilainen P. Infective endocarditis in a Finnish teaching 
hospital: a study on 326 episodes treated during 1980-2004. Heart 2006; 
92:1457-1462.  

 
Hill EE, Herijgers P, Claus P, Vanderschueren S, Herregods MC, Peetermans 

WE. Infective endocarditis: changing epidemiology and predictors of 6-
month mortality: a prospective chort study. Eur Heart J 2007; 28:196-203. 

 
Hoen B, Alla F, Selton-Suty C, Béguinot I, Bouvet A, Briancon S, Casalta JP, 

Danchin N, Delahaye F, Etienne J, Le Moing V, Leport C, Mainardi JL, 
Ruimy R, Vandenesch F; AEPEI Study Group. Changing profile of infective 
endocarditis: results of a 1-year survey in France. JAMA 2002; 288:75-81. 

 
Hoen B, Duval X. Infective endocarditis. N Engl J Med 2013; 368:1425-1433. 
 
Holland TL, Baddour LM, Bayer AS, Hoen B, Miro JM, Fowler VG Jr. Infective 

endocarditis. Nat Rev Dis Primers 2016; 2:16059. 
 
Huang AM, Newton D, Kunapuli A, Gandhi TN, Washer LL, Isip J, Collins CD, 

Nagel JL. Impact of rapid organism identification via matrix-assisted laser 
desorption/ionization time-of-flight combined with antimicrobial 
stewardship team intervention in adult patients with bacteremia and 
candidemia. Clin Infect Dis 2013; 57:1237-1245. 

 
Huang G, Barnes EW, Peacock JE Jr. Repeat infective endocarditis in persons 

who inject drugs: “take another little piece of my heart”. Open Forum Infect 
Dis 2018; 5:ofy304. 

 
Huttunen R, Syrjänen J, Aittoniemi J, Seiskari T, Vuento R. Mitä aikuispotilaan 

positiivinen veriviljelyvastaus tarkoittaa? Lääkärilehti 2016; 61:2339-2346. 
 
Ibrahim EH, Sherman G, Ward S, Fraser VJ, Kollef MH. The influence of 

inadequate antimicrobial treatment of bloodstream infections on patient 
outcomes in the ICU setting. Chest 2000; 118:146-155. 

 
Idelevich EA, Schüle I, Grünastel B, Wüllenweber J, Peters G, Becker K. Rapid 

identification of microorganisms from positive blood cultures by MALDI-
TOF mass spectrometry subsequent to very short-term incubation on solid 
medium. Clin Microbiol Infect 2014; 20:1001-1006. 

 



References 

90 

Idelevich EA, Becker K. How to accelerate antimicrobial susceptibility testing. 
Clin Mirobiol Infect 2019; 25:1347-1355. 

 
Iversen K, Ihlemann N, Gill SU, Madsen T, Elming H, Jensen KT, Bruun NE, 

Høfsten DE, Fursted K, Christensen JJ, Schultz M, Klein CF, Fosboll EL, 
Rosenvinge F, Schonheyder HC, Kober L, Torp-Pedersen C, Helweg-Larsen 
J, Tonder N, Moser C, Bundgaard H. Partial oral versus intravenous 
antibiotic treatment of endocarditis. N Engl J Med 2019; 380:415-424. 

 
Jaakola S, Lyytikäinen O, Rimhanen-Finne R, Salmenlinna S, Savolainen-Kopra    

C, Liitsola K, Jalava J, Toropainen M, Nohynek H, Virtanen M, Löflund JE, 
Kuusi M, Salminen M, editors (2018). Tartuntataudit Suomessa 2017. 
http://urn.fi/URN:ISBN:978-952-343-148-5. 

 
Jalava J, Kotilainen P, Nikkari S, Skurnik M, Vänttinen E, Lehtonen OP, Eerola 

E, Toivanen P. Use of polymerase chain reaction and DNA sequencing for 
detection of Bartonella quintana in the aortic valve of a patient with culture-
negative infective endocarditis. Clin Infect Dis 1995; 21:891-896. 

 
Janszky I, Gémes K, Ahnve S, Asgeirsson H, Möller J. Invasive procedures 

associated with the development of infective endocarditis. J Am Coll Cardiol 
2018; 71:2744-2752. 

 
Jenkins TC, Sabel AL, Sarcone EE, Price CS, Mehler PS, Burman WJ. Skin and 

soft-tissue infections requiring hospitalization at an academic medical 
center: opportunities for antimicrobial stewardship. Clin Infect Dis 2010; 
51:895-903. 

 
Jeon YD, Seong H, Kim D, Ahn MY, Jung IY, Jeong SJ, Choi JY, Song YG, Yong 

D, Lee K, Kim JM, Ku NS. Impact of matrix-assisted laser desorption 
/ionization time of flight mass spectrometric evaluation on the clinical 
outcomes of patients with bacteremia and fungemia in clinical settings 
lacking an antimicrobial stewardship program: a pre-post quasi 
experimental study. BMC Infect Dis 2018; 18:385. 

 
Jordal S, Kittang BR, Salminen PR, Eide GE, Kommedal Ø, Wendelbo Ø, 

Haaverstad R, Sjursen H. Infective endocarditis in Western Norway: a 20-
year retrospective survey. Infect Dis (Lond) 2018; 50:757-763. 

 
Jääskeläinen IH, Hagberg L, From J, Schyman T, Lehtola L, Järvinen A. 

Treatment of complicated skin and skin structure infections in areas with low 
incidence of antibiotic resistance – a retrospective population based study 
from Finland and Sweden. Clin Microbiol Infect 2016; 22:383.e1-383.e10. 

 
Jääskeläinen IH, Hagberg L, Forsblom E, Järvinen A. Factors associated with 

time to clinical stability in complicated skin and skin structure infections. 
Clin Microbiol Infect 2017; 23:674e1-674e5. 

 
Kalanti A, Tarkka E, Hilla R, Kirveskari J, Kuusela P. How to collect blood for 

cultures: the single-site venipuncture is challenging sampling from two 
separate sites. Poster and oral presentation, Nordic Society of Clinical 



  

91 

Microbiology and Infectious Diseases (NSCMID) 2013, Denmark. Abstract 
not available online, personal communication, unpublished data. 

 
Kanafani ZA, Kanj SS, Cabell CH, Cecchi E, De Oliveira Ramos A, Lejko-Zupanc 

T, Pappas PA, Giamerellou H, Gordon D, Michelet C, Munoz P, Pachirat O 
Peterson G, Tan RS, Tattevin P, Thomas V, Wang A, Wiesbauer F, Sexton DJ. 
Revisiting the effect of referral bias on the clinical spectrum of infective 
endocarditis in adults. Eur J Clin Microbiol Infect Dis 2010; 29:1203-1210. 

 
Kang CI, Kim SH, Kim HB, Park SW, Choe YJ, Oh MD, Kim EC, Choe KW. 

Pseudomonas aeruginosa bacteremia: risk factors for mortality and influence 
of delayed receipt of effective antimicrobial therapy on clinical outcome. Clin 
Infect Dis 2003; 37:745-751. 

 
Kankaanpää A, Ariniemi K, Heinonen M, Kuoppasalmi K, Gunnar T. Current 

trends in Finnish drug abuse: wastewater based epidemiology combined with 
other national indicators. Sci Total Environ 2016; 658:864-874. 

 
Karchmer AW, Longworth DL. Infections of intracardiac devices. Infect Dis Clin 

North Am 2002; 16:477-505. 
 
Karppelin M, Siljander T, Haapala AM, Aittoniemi J, Huttunen R, Kere J, 

Vuopio J, Syrjänen J. Evidence of streptococcal origin of acute non-
necrotising cellulitis: a serological study. Eur J Clin Microbiol Infect Dis 
2015; 34:669-672. 

 
Keller K, von Bardeleben RS, Ostad MA, Hobohm L, Munzel T, Konstantinides 

S, Lankeit M. Temporal trends in the prevalence of infective endocarditis in 
Germany between 2005 and 2014. Am J Cardiol 2017; 119:317-322. 

 
Khalighi MA, Nguyen S, Wiedeman JA, Palma Diaz MF. Bartonella 

endocarditis-associated glomerulonephritis: a case report and review of the 
literature. Am J Kidney Dis 2014; 63:1060-1065. 

 
Kilgore M, Brossette S. Cost of bloodstream infections. Am J Infect Control 

2008; 36:172.e1-172.e3. 
 
Kim JH, Gallis HA. Observations on spiraling empiricism: its causes, allure, and 

perils, with particular reference to antibiotic therapy. Am J Med 1989; 
87:201-206. 

 
Kirn TJ, Weinstein MP. Update on blood cultures: how to obtain, process, 

report, and interpret. Clin Microbiol Infect 2013; 19:513-520. 
 
Kohlmann R, Hoffmann A, Geis G, Gatermann S. MALDI-TOF mass 

spectrometry following short incubation on a solid medium is a valuable tool 
for rapid pathogen identification from positive blood cultures. Int J Med 
Microbiol 2015; 305:469-479. 

 



References 

92 

Kollef MH. Broad-spectrum antimicrobials and the treatment of serious 
bacterial infections: getting it right up front. Clin Infect Dis 2008; 47 Suppl 
1:S3-13. 

 
Kotilainen P, Heiro M, Jalava J, Rantakokko V, Nikoskelainen J, Nikkari S, 

Rantakokko-Jalava K. Aetiological diagnosis of infective endocarditis by 
direct amplification of rRNA genes from surgically removed valve tissue. An 
11-year experience in a Finnish teaching hospital. Ann Med 2006; 38:263-
273. 

 
Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, Suppes R, 

Feinstein D, Zanotti S, Taiberg L, Gurka D, Kumar A, Cheang M. Duration of 
hypotension before initiation of effective antimicrobial therapy is the critical 
determinant of survival in human septic shock. Crit Care Med 2006; 
34:1589-1596.  

 
Köck R, Wüllenweber J, Horn D, Lanckohr C, Becker K, Idelevich EA. 

Implementation of short incubation MALDI-TOF MS identification from 
positive blood cultures in routine diagnostics and effects on empiric 
antimicrobial therapy. Antimicrob Resist Infect Control 2017; 6:12. 

 
Lamy B, Dargére S, Arendrup MC, Parienti JJ, Tattevin P. How to optimize the 

use of blood cultures for the diagnosis of bloodstream infections? A state-of-
the art. Front Microbiol 2016; 7:697. 

 
Lang S, Watkin RW, Lambert PA, Bonser RS, Littler WA, Elliott TS. Evaluation 

of PCR in the molecular diagnosis of endocarditis. J Infect 2004; 48:269-
275. 

 
Laupland KB, Church DL. Population-based epidemiology and microbiology of 

community-onset bloodstream infections. Clin Microbiol Rev 2014; 27:647-
664. 

 
Leahey PA, LaSalvia MT, Rosenthal ES, Karchmer AW, Rowley CF. High 

morbidity and mortality among patients with sentinel admission for 
injection drug use-related infective endocarditis. Open Forum Infect Dis 
2019; 6:ofz089. 

 
Lee A, Mirret S, Reller LB, Weinstein MP. Detection of bloodstream infections 

in adults: how many blood cultures are needed? J Clin Microbiol 2007; 
45:3546-3548. 

 
Lee CY, Kunin CM, Chang C, Lee SS, Chen YS, Tsai HC. Development of a 

prediction model for bacteremia in hospitalized adults with cellulitis to aid in 
the efficient use of blood cultures: a retrospective cohort study. BMC Infect 
Dis 2016; 16:581.  

 
Levy MM, Evans LE, Rhodes A. The surviving sepsis campaign bundle: 2018 

update. Crit Care Med 2018; 46:997-1000. 
 



  

93 

Leibovici L, Shraga I, Drucker M, Konigsberger H, Samra Z, Pitlik SD. The 
benefit of appropriate empirical antibiotic treatment in patients with 
bloodstream infection. J Intern Med 1998; 244:379-386. 

 
Li J, Plorde JJ, Carlson LG. Effects of volume and periodicity on blood cultures. 

J Clin Microbiol 1994; 32:2829-2831. 
 
Li JS, Sexton DJ, Mick N, Nettles R, Fowler VG Jr, Ryan T, Bashore T, Corey 

GR. Proposed modifications to the Duke criteria for the diagnosis of infective 
endocarditis. Clin Infect Dis 2000; 30:633-638. 

 
Liesman RM, Pritt BS, Maleszewski JJ, Patel R. Laboratory diagnosis of 

infective endocarditis. J Clin Microbiol 2017; 55:2599-2608. 
 
Linsenmeyer K, Gupta K, Strymish JM, Dhanani M, Brecher SM, Breu AC. 

Culture if spikes? Indications and yield of blood cultures in hospitalized 
medical patients. J Hosp Med 2016. 11:336-340. 

 
Lipsky BA, Kollef MH, Miller LG, Sun X, Johannes RS, Tabak YP. Predicting 

bacteremia among patients hospitalized for skin and skin-structure 
infections: deriviation and validation of a risk score. Infect Control Hosp 
Epidemiol 2010; 31:828-837. 

 
Lockhart PB, Brennan MT, Thornhill M, Michalowicz BS, Noll J, Bahrani-

Mougeot FK, Sasser HC. Poor oral hygiene as a risk factor for infective 
endocarditis-related bacteremia. J Am Dent Assoc 2009; 140:1238-1244. 

 
Lodise TP Jr, Patel N, Kwa A, Graves J, Furuno JP, Graffunder E, Lomaestro B, 

McGregor JC. Predictors of 30-day mortality among patients with 
Pseudomonas aeruginosa bloodstream infections: impact of delayed 
appropriate antibiotic selection. Antimicrob Agents Chemother 2007; 
51:3510-3515. 

 
Lomas JM, Martínez-Marcos FJ, Plata A, Ivanova R, Gálvez J, Ruiz J, Reguera 

JM, Noureddine M, de la Torre J, de Alarcón A; Andalusian Group for the 
Study of Cardiovascular Infections at the Sociedad Andaluza de 
Enfermedades Infecciosas (SAIE). Healthcare-associated infective 
endocarditis: an undesirable effect of healthcare universalization. Clin 
Microbiol Infect 2010; 16:1683-1690. 

 
Martelius T, Kanerva M, Järvinen A, editors; the task force from the Infectious 

Disease Clinic, Helsinki University Hospital. HUS, Mikrobilääkeopas 2016 
[HUH, Antimicrobial Treatment Guide]. Retrieved from: 
https://hus.fi/ammattilaiselle/hoito-ohjeet/infektio-
ohjeet/Sivut/default.aspx 

 
Martiny D, Debaugnies F, Gateff D, Gérard M, Aoun M, Martin C, Konopnicki D, 

Loizidou A, Georgala A, Hainaut M, Chantrenne M, Dediste A, Vandenberg 
O, Van Praet S. Impact of rapid microbial identification directly from 
positivie blood cultures using matrix-assisted laser desorption/ionization 



References 

94 

time-of-flight mass spectrometry on patient management. Clin Microbiol 
Infect 2013; 19:E568-E581. 

 
McDonald JR. Acute infective endocarditis. Infect Dis Clin North Am 2009; 

23:643-664. 
 
McElvania Te Kippe E. The added cost of rapid diagnostic testing and active 

antimicrobial stewardship: is it worth it? J Clin Microbiol 2016; 55:20-23. 
 
Miller RJH, Chow B, Pillai D, Church D. Development and evaluation of a novel 

fast broad-range 16S ribosomal DNA PCR and sequencing assay for 
diagnosis of bacterial infective endocarditis: multi-year experience in a large 
Canadian health care zone and a literature review. BMC Inf Dis 2016; 16:146. 

 
Moreillon P, Que YA. Infective endocarditis. Lancet 2004; 363:139-149. 
 
Morris AJ, Drinkovic D, Pottumarthy S, Strickett MG, MacCulloch D, Lambie N, 

Kerr AR. Gram stain, culture, and histopathological examination findings for 
heart valves removed because of infective endocarditis. Clin Infect Dis 2003; 
36:697-704. 

 
Murdoch DR, Corey GR, Hoen B, Miró JM, Fowler VG Jr, Bayer AS, Karchmer 

AW, Olaison L, Pappas PA, Moreillon P, Chambers ST, Chu VH, Falcó V, 
Holland DJ, Jones P, Klein JL, Raymond NJ, Read KM, Tripodi MF, Utili R, 
Wang A, Woods CW, Cabell CH; International Collaboration on 
Endocarditis-Prospective Cohort Stuy (ICE-PCS) investigators. Clinical 
presentation, etiology, and outcome of infective endocarditis in the 21st 
century: the International Collaboration on Endocarditis-Prospective Cohort 
Study. Arch Intern Med 2009; 169:463-473.  

 
Moss R, Munt B. Injection drug use and right sided endocarditis. Heart 2003; 

89:577-581. 
 
Munson EL, Diekema DJ, Beekmann SE, Chapin KC, Doern GV. Detection and 

treatment of bloodstream infection: laboratory reporting and antimicrobial 
management. J Clin Microbiol 2003; 41:495-497. 

 
Olmos C, Vilacosta I, Fernández-Pérez C, Bernal JL, Ferrera C, García-Arribas 

D, Pérez-García CN, Sán Roman JA, Maroto L, Macaya C, Elola FJ. The 
evolving nature of infective endocarditis in Spain: a population-based study 
(2003 to 2014). J Am Coll Cardiol 2017; 70:2795-2804. 

 
Opotaa O, Croxatto A, Prod´hom G, Greub G. Blood culture-base diagnosis of 

bacteraemia: state of the art. Clin Microbiol Infect 2015; 21:313-322 
 
Opotab O, Jaton K, Greub G. Microbial diagnosis of bloodstream infection: 

towards molecular diagnosis directly from blood. Clin Microbial Infect 2015; 
21:323-331. 

 



  

95 

Ortiz-Bautista C, López J, Garcïa-Granja PE, Sevilla T, Vilacosta I, Sarriá C, 
Olmos C, Ferrera C, Sáez C, Gómez I, San Román JA. Current profile of 
infective endocarditis in intravenous drug users: the prognostic relevance of 
the valves involved. Int J Cardiol 2015; 187:472-474. 

 
Osler W. Gulstonian lectures on malignant endocarditis. Br Med J 1885; 1:467-

470,522-526,577-579. 
 
Ostergaard L, Bruun NE, Voldstedlund M, Arpi M, Ostergaard Andersen C, 

Schonheyder HC, Lemming L, Rosenvinge F, Valeur N, Sogaard P, Andersen 
PS, Skov R, Chen M, Iversen K, Gill S, Lauridsen TK, Dahl A, Bruun 
Oestergaard L, Agerlund Povlsen J, Moser C, Bundgaard H, Kober L, Loldrup 
Fosbol E. Prevalence of infective endocarditis in patients with positive blood 
cultures: a Danish nationwide study. Eur Heart J 2019; 40:3237-3244. 

 
Osthoff M, Gurtler N, Bassetti S, Balestra G, Marsch S, Pargger H, Weisser M, 

Egli A. Impact of MALDI-TOF-MS-based identification directly from positive 
blood cultures on patient management: a controlled clinical trial. Clin 
Microbiol Infect 2017; 23:78-85 

 
Oviano M, Bou G. Matrix-assisted laser desorption ionization–time of flight 

mass spectrometry for the rapid detection of antimicrobial resistence 
mechanisms and beyond. Clin Microbiol Rev 2018; 32:e00037-18. 

 
Paolo WF, Poreda AR, Grant W, Scordino D, Wojcik S. Blood culture results do 

not affect treatment in complicated cellulitis. J Emerg Med 2013; 45:163-167. 
 
Park LP, Chu VH, Peterson G, Skoutelis A, Lejko-Zupa T, Bouza E, Tattevin P, 

Habib G, Tan R, Gonzalez J, Altclas J, Edathodu J, Querio Fortes C, Focaccia 
Siciliano R, Pachirat O, Kanj S, Wang A. Validated risk score for predicting 6-
month mortality in infective endocarditis. J Am Heart Assoc 2016; 
5:e003016 

 
Patel R. Matrix-assisted laser desorption ionization-time of flight mass 

spectrometry in clinical microbiology. Clin Infect Dis 2013; 57:564-572. 
 
Patel TS, Kaakeh R, Nagel JL, Newton DW, Stevenson JG. Cost analysis of 

implementing matrix-assisted laser desorption ionization-time of flight mass 
spectrometry plus real-time antimicrobial stewardship intervention for 
bloodstream infections. J Clin Microbiol 2016; 55:60-67. 

 
Peeters B, Herijgers P, Beuselinck K, Verhaegen J, Peetermans WE, Herregods 

MC, Desmet S, Lagrou K. Added diagnostic value and impact on 
antimicrobial therapy of 16S rRNA PCR and amplicon sequencing on 
resected heart valves in endocarditis: a prospective cohort study. Clin 
Microbiol Infect 2017; 23:888.e1-888.e5. 

 
Peker N, Couto N, Sinha B, Rossen JW. Diagnosis of bloodstream infections 

from positive blood cultures and directly from blood samples: recent 
developments in molecular approaches. Clin Microbial Infect 2018; 24:944-
955. 



References 

96 

 
Peralta G, Padrón E, Roiz MP, De Benito I, Garrido JC, Talledo F, Rodríguez-

Lera MJ, Ansorena L, Sánchez MB. Risk factors for bacteremia in patients 
with limb cellulitis. Eur J Clin Microbiol Infect Dis 2006; 25:619-626. 

 
Perez KK, Olsen RJ, Musick WL, Cernoch PL, Davis JR, Land GA, Peterson LE, 

Musser JM. Integrating rapid pathogen identification and antimicrobial 
stewardship significantly decreases hospital costs. Arch Pathol Lab Med 
2013; 137:1247-1254. 

 
Pericás JM, Llopis J, Munos P, Gálvez-Acebal J, Kestler M, Valerio M, 

Hernández-Meneses M, Goenaga MA, Cobo-Belaustegui M, Montejo M, 
Ojeda-Burgos G, Sousa-Regueiro MD, de Alarcón A, Ramos-Martínez A, 
Miró JM, and the GAMES investigators. A comtemporary picture of 
enterococcal endocarditis. J Am Coll Cardiol 2020; 75:482-494. 

 
Perl B, Gottehrer NP, Raveh D, Schlesinger Y, Rudensky B, Yinnon AM. Cost-

effectiveness of blood cultures for adult patients with cellulitis. Clin Infect 
Dis 1999; 29:1483-1488. 

 
Pien BC, Sundaram P, Raoof N, Costa SF, Mirrett S, Woods CW, Reller LB, 

Weinstein MP. The clinical and prognostic importance of positive blood 
cultures in adults. Am J Med 2010; 123:819-828. 

 
Piper C, Körfer R, Horstkotte D. Prosthetic valve endocarditis. Heart 2001; 

85:590-593. 
 
Poses RM, Anthony M. Availibility, wishful thinking, and physicians´diagnostic 

judgements for patients with suspected bacteremia. Med Decis Making 1991; 
11: 159-168. 

 
Prendergast BD, Tornos P. Surgery for infective endocarditis: who and when? 

Circulation 2010; 121:1141-1152. 
 
Raff AB, Kroshinsky D. Cellulitis: a review. JAMA 2016; 316:325-337. 
 
Rand KH, Beal SG, Rivera K, Allen B, Payton T, Lipori GP. Hourly effect of 

pretreatment with IV antibiotics on blood culture positivity rate in 
emergency department patients. Open Forum Infect Dis 2019; 6:ofz179. 

 
Rannikko J, Syrjänen J, Seiskari T, Aittoniemi J, Huttunen R. Sepsis-related 

mortality in 497 cases with blood culture-positive sepsis in an emergency 
department. Int J Infect Dis 2017; 58:52-57. 

 
Raoult D, Casalta JP, Richet H, Khan M, Bernit E, Rovery C, Branger S, Gouriet 

F, Imbert G, Bothello E, Collart F, Habib G. Contribution of systemic 
serological testing in diagnosis of infective endocarditis. J Clin Microbiol 
2005; 43:5238-5242. 

 



  

97 

Rodger L, Glockler-Lauf SD, Shojaei E, Sherazi A, Hallam B, Koivu S, Gupta K, 
Hosseini-Moghaddam SM, Silverman M. Clinical characteristics and factors 
associated with mortality in first-episode infective endocarditis among 
persons who inject druigs. JAMA Netw Open 2018; 1:e185220. 

 
Rodger L, Shah M, Shojaei E, Hosseini S, Koivu S, Silverman M. Recurrent 

endocarditis in persons who inject drugs. Open Forum Infect Dis 2019; 6: 
ofz396. 

 
Rosenthal ES, Karchmer AW, Theisen-Toupal J, Castillo RA, Rowley CF. 

Suboptimal addiction interventions for patients hospitalized with injection 
drug use-associated infective endocarditis. Am J Med 2016; 129:481-485. 

 
Rovery C, Greub G, Lepidi H, Casalta JP, Habib G, Collart F, Raoult D. PCR 

detection of bacteria on cardiac valves of patients with treated bacterial 
endocarditis. J Clin Microbiol 2005; 43:163-167. 

 
Rudasill SE, Sanaiha Y, Mardock AL, Khoury H, Xing H, Antonios JW, 

McKinnell JA, Benharash P. Clinical outcomes of infective endocarditis in 
injection drug users. J Am Coll Cardiol 2019; 73:559-570. 

 
Ruotsalainen E, Sammalkorpi K, Laine J, Huotari K, Sarna S, Valtonen V, 

Järvinen A. Clinical manifestations and outcome in Staphylococcus aureus 
endocarditis among injection drug users and nonaddicts: a prospective study 
of 74 patients. BMC Infect Dis 2006; 6:137. 

 
Seifert H. The clinical importance of microbiological findings in the diagnosis 

and management of bloodstream infections. Clin Infect Dis 2009; 48:S238-
S245. 

 
Selton-Suty C, Célard M, Le Moing V, Doco-Lecompte T, Chirouze C, Iung B, 

Strady C, Revest M, Vandenesch F, Bouvet A, Delahaye F, Alla F, Duval X, 
Hoen B; AEPEI Study Group. Preeminence of Staphylococcus aureus in 
infective endocarditis: a 1-year population-based survey. Clin Infect Dis 
2012; 54:1230-1239. 

 
Seratnahaei A, Leung SW, Charnigo RJ, Cummings MS, Sorrell VL, Smith MD. 

The changing “face” of endocarditis in Kentucky: an increase in tricuspid 
cases. Am J Med 2014; 127:786.e1-6. 

 
Shapiro NI, Wolfe RE, Wright SB, Moore R, Bates DW. Who needs a blood 

culture? A prospectively derived and validated prediction rule. J Emerg Med 
2008; 35:255-264. 

 
Shih CJ, Chu H, Chao PW, Lee YJ, Kuo SC, Li SY, Tarng DC, Yang CY, Yang WC, 

Ou SM, Chen YT. Long-term clinical outcome of major adverse cardiac 
events in survivors of infective endocarditis: a nationwide population-based 
study. Circulation 2014; 130:1684-1691. 

 
Shrestha NK, Jue J, Hussain ST, Jerry JM, Pettersson GB, Menon V, Navia JL, 

Nowacki AS, Gordon SM. Injection drug use and outcomes after surgical 



References 

98 

intervention for infective endocarditis. Ann Thoracic Surg 2015; 100:875-
882. 

 
Skogberg K, Lyytikäinen O, Ollgren J, Nuorti JP, Ruutu P. Population-based 

burden of bloodstream infections in Finland. Clin Microbiol Infect 2012; 
18:E170-E176. 

 
Slipczuk L, Codolosa JN, Davila CD, Romero-Corral A, Yun J, Pressman GS, 

Figueredo VM. Infective endocarditis epidemiology over five decades: a 
systematic review. PLoS One 2013; 8:e82665. 

 
Sogaard M, Nørgaard M, Dethlefsen C, Schønheyder HC. Temporal changes in 

the incidence and 30-day mortality associated with bacteremia in 
hospitalized patients from 1992 through 2006: a population-based cohort 
study. Clin Infect Dis 2011; 52:61-69. 

 
Sousa C, Botelho C, Rodrigues D, Azeredo J, Oliveira R. Infective endocarditis in 

intravenous drug abusers: an update. Eur J Clin Microbiol Infect 2012; 
31:2905-2910. 

 
Stanbridge TN, Isalska BJ. Aspects of prosthetic valve endocarditis. J Infect 

1997; 35:1-6. 
 
Stevens DL, Bisno AL, Chambers HF, Dellinger EP, Goldstein EJ, Gorbach SL, 

Hirschmann JV, Kaplan SL, Montoya JG, Wade JC and Infectious Disease 
Society of America. Practice guidelines for the diagnosis and management of 
skin and soft tissue infections: 2014 update by the Infectious Diseases 
Society of America. Clin Infect Dis 2014; 59:e10-e52. 

 
Sullivan KV, Bard JD. New and novel rapid diagnostics that are impacting 

infection prevention and antimicrobial stewardship. Curr Opin Infect Dis 
2019; 32:356-364. 

 
Sutton JD, Carico R, Burk M, Jones MM, Wei X, Neuhauser MM, Goetz MB, 

Echevarria KL. Spivak ES, Cunningham FE; Skin and Soft Tissue Infection 
Medication Use Evaluation Group. Inpatient management of uncomplicated 
skin and soft tissue infections in 34 veterans affairs medical centers: a 
medication use evaluation. Open Forum Infect Dis 2020; 7:ofz554. 

 
Sy RW, Kritharides L. Health care exposure and age in infective in infective 

endocarditis: results of a contemporary population-based profile of 1536 
patients in Australia. Eur Heart J 2010; 31:1890-1897. 

 
Ternhag A, Cederström A, Törner A, Westling K. A nationwide cohort study of 

mortality risk and long-term prognosis in infective endocarditis in Sweden. 
PLoS One 2013; 8:e67519. 

 
Thalme A, Westling K, Julander I. In-hospital and long-term mortality in 

infective endocarditis in injecting drug users compared to non-drug users: a 
retrospective study of 192 episodes. Scand J Infect Dis 2007; 39:197-204. 

 



  

99 

Thwaites GE, Edgeworth JD, Gkrania-Klotsas E, Kirby A, Tilley R, Török ME, 
Walker S, Wertheim HF, Wilson P, Llewelyn MJ; UK Clinical Infection 
Research Group. Clinical management of Staphylococcus aureus 
bacteraemia. Lancet Infect Dis 2011; 11:208-222. 

   
Timbrook TT, Morton JB, McConeghy KW, Caffrey AR, Mylonakis E, LaPlante 

KL. The effect of molecular rapid diagnostic testing on clinical outcomes in 
bloodstream infections: a systematic review and meta-analysis. Clin Infect 
Dis 2017; 64:15-23. 

 
Tleyjeh IM, Steckelberg JM, Murad HS, Anavekar NS, Ghomrawi HM, Mirzoyev 

Z, Moustafa SE, Hoskin TL, Mandrekar JN, Wilson WR, Baddour LM. 
Temporal trends in infective endocarditis: a population-based study in 
Olmested County, Minnesota. JAMA 2005; 293:3022-3028. 

 
Tleyjeh IM, Abdel-Latif A, Rahbi H, Scott CG, Bailey KR, Steckelberg JM, 

Wilson WR, Baddour LM. A systematic review of population-based studies of 
infective endocarditis. Chest 2007; 132:1025-1035. 

 
Toyoda N, Chikwe J, Itagaki S, Gelijns AC, Adams DH, Egorova NN. Trends in 

infective endocarditis in California and New York state, 1998-2013. JAMA 
2017; 317:1652-1660. 
 

Upton A, Drinkovic D, Pottumarthy S, West T, Morris AJ. Culture results of 
heart valves resected because of streptococcal endocarditis: insights into 
duration of treatment to achieve valve sterilization. J Antimicrob Chemother 
2005; 55:234-239.  
 

Uslan DZ, Crane SJ, Steckelberg JM, Cockerill FR 3rd, St Sauver JL, Wilson 
WR, Baddour LM. Age- and sex-associated trends in bloodstream infection: a 
population-based study in Olmsted County, Minnesota. Arch Intern Med 
2007; 167:834-839.  

 
Van Daalen FV, Kallen MC,  van den Bosch CMA, Hulscher MEJL, Geerlings SE, 

Prins JM. Clinical condition and comorbidity as determinants for blood 
culture positivity in patients with skin and soft-tissue infections. Eur J Clin 
Microbiol Infect Dis 2017; 36:1853-1858. 

 
Varantola K, Launis V, Helin M, Spoof SK; Finnish advisory board on research 

integrity. Responsible conduct of research and procedures for handling 
allegations of misconduct in Finland 2012. Available at: https://tenk.fi 

 
Varjonen V. Huumetilanne Suomessa 2014 [Finland – Drug Situation 2014]. 

National Institute for Health and Welfare, Finland 2015. Available at: 
http://urn.fi/URN:ISBN:978-952-302-414-4. 

 
Varpula M, Karlsson S, Parviainen I, Ruokonen E, Pettilä V; The Finnsepsis 

Study Group. Community-acquired septic shock: early management and 
outcome in a nationwide study in Finland. Acta Anaesthesiol Scand 2007; 
51:1320-1326. 

 



References 

100 

Verroken A, Defourny L, Lechgar L, Magnette A, Delmée M, Glupczynski Y. 
Reducing time to identification of positive blood cultures with MALDI-TOF 
MS analysis after a 5-h subculture. Eur J Clin Microbiol Infect Dis 2015; 
34:405-413. 

 
Vlek AL, Bonten MJ, Boel CH. Direct matrix-assisted laser desorption ionization 

time-of-flight mass spectrometry improves appropriateness of antibiotic 
treatment of bacteremia. Plos One 2012; 7:e32589. 

 
Vogkou CT, Vlachogiannis NI, Palaiodimos L, Kousoulis AA. The causative 

agents in infective endocarditis: a systematic review compraising 33,214 
cases. Eur J Clin Microbiol Infect Dis 2016; 35:1227-1245. 

 
Voldstedlund M, Norum Pedersen L, Baandrup U, Klaaborg KE, Fuursted K. 

Broad-range PCR and sequencing in routine diagnosis of infective 
endocarditis. Acta Pathol Microbiol Immunol Scand 2008; 116:190-198. 

 
Vondracek M, Sartipy U, Aufwerber E, Julander I, Lindblom D, Westling K. 16S 

rDNA sequencing of valve tissue improves microbiological diagnosis in 
surgically treated patients with infective endocarditis. J Infect 2011; 62:472-
478. 

 
Wang A, Gaca JG, Chu VH. Management considerations in infective 

endocarditis: a review. JAMA 2018; 320:72-83. 
 
Weinstein MP. Current blood culture methods and systems: clinical concepts, 

technology, and interpretation of results. Clin Infect Dis 1996; 23:40-46. 
 
Weinstein MP, Towns ML, Quartey SM, Mirrett S, Reimer LG, Parmigiani G, 

Reller LB. The clinical significance of positive blood cultures in the 1990s: a 
prospective comprehensive evaluation of the microbiology, epidemiology, 
and outcome of bacteremia and fungemia in adults. Clin Infect Dis 1997; 
24:584-602. 

 
Werner M, Fournier PE, Andersson R, Hogevik H, Raoult D. Bartonella and 

coxiella antibodies in 334 prospectively studied episodes of infective 
endocarditis in Sweden. Scand J Infect Dis 2003; 35:724-727. 

 
Wyllie DH, Bowler ICJW, Peto TEA. Bacteraemia prediction in emergency 

medical admissions: role of C reactive protein. J Clin Pathol 2005; 58:352-
356. 

 
Yanagawa B, Bahji A, Lamba W, Tan DH, Cheema A, Syed I, Verma S. 

Endocarditis in the setting of IDU: multidisciplinary management. Curr Opin 
Cardiol 2018; 33:140-147. 

 
Yu Q, Larson DF, Watson RR. Heart disease, methamphetamine and AIDS. Life 

Sci. 2003; 73:129-140. 
 



  

101 

Zadka H, Raykhshtat E, Uralev B, Bishouty N, Weiss-Meilik A, Adler A. The 
implementation of rapid microbial identification via MALDI-ToF reduces 
mortality in gram-negative but not gram-positivie bacteremia. Eur J Clin 
Mircobiol Infect Dis 2019; 38:2053-2059. 

 
Zasowski EJ, Claeys KC, Lagnf AM, Davis SL, Rybak MJ. Time is of the essence: 

the impact of delayed antibiotic therapy on patient outcomes in hospital-
onset enterococcal bloodstream infections. Clin Infect Dis 2016; 62:1242-
1250. 

 
Zwang O, Albert RK. Analysis of strategies to improve cost effectiveness of blood 

cultures. J Hosp Med 2006; 1:272-276. 




	CONTENTS
	ABSTRACT
	LIST OF ORIGINAL PUBLICATIONS
	ABBREVIATIONS
	1 INTRODUCTION
	2 REVIEW OF THE LITERATURE
	3 AIMS OF THE STUDY
	4 MATERIALS AND METHODS
	5 RESULTS
	6 DISCUSSION
	7 CONCLUSIONS
	8 ACKNOWLEDGEMENTS
	9 REFERENCES



