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Figure 1 — Professor Milan §pdla, MD., PhD.

The Impact Factor, the citation index, the Institute for Scientific Information,
Thomson Reuters and the whole of scientometry had long been common concepts
in the academic world. It was not so in the communist bloc countries. Professor
Milan §pé|a, MD., PhD. was one of the limited number of experts in Czechoslovakia
who in the 1980s monitored the development of scientometric, bibliographic and
database support for research in medicine and the natural sciences. Professor Spala
shared his knowledge with unwavering enthusiasm at first with his close colleagues,
and after the change of regime throughout the academic community. He made a
significant contribution to the fact that we in the Czech Republic also adopted
information support for science. In 1990 he founded the bibliographic-information
department of the Institute of Scientific Information at the First Faculty of
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Medicine at Charles University, which he also managed until the year 2000. At
Charles University he introduced courses in the methodology of science and
courses on the principles of scientific writing, within the framework of the newly
emerging postgraduate research education in Biomedicine. At that time, he also
lectured at the Institute of Information Studies and Librarianship at the Faculty of
Arts at Charles University and was very committed to organising the INFOMEDIA,
later renamed INFORUM, conferences at which he also lectured. The study of
science led Professor Spala to the founder of this field, Eugene Garfield, whom he
hosted during the latter’s stay in Prague.

On the contribution of Professor Spéla to the field of information science and
bringing it into existence in the Czech Republic, | must add my own experience
which is surely not unique. | was fortunate enough that Professor Spala took
every opportunity to let me know about various innovations — | remember well
how at the corner of Katefinskd and Vinic¢na streets he excitedly explained the
benefits of the newly available Web of Science. These were genuinely stimulating
meetings. While monitoring his information sources Professor Spala would select
innovations, important information and articles, which he kindly sent to me and
other colleagues (on paper, before the development of e-mail). An enthusiasm for
the dissemination of knowledge was in Professor Spala’s very nature.

Editorial work was another of Professor Spala’s important professional activities.
From 1965 to 1975, he was the secretary of the Editorial Board of Sbornik
Iékarsky, and from 1976 to 2003 the secretary of the Editorial Board of Acta
Universitatis Carolinae Medica, where a number of high-quality monographs came
out thanks to his efforts. In the 1990s he co-founded the Medical Science Monitor,
and in 1993-1999 he was a member of its international editorial board. In 1991
he became the Editor-in-Chief of Sbornik Iékarsky, a major Czech medical journal,
which had ceased to come out in 1990, following the death of its previous editor-
in-chief, and had almost ceased to exist. Professor Spéla helped to resuscitate the
journal and managed it until 2003, when the journal changed its title to Prague
Medical Report.

Professor Milan §péla, MD., PhD. was born on 20 November 1930.As early as
at his studies in the 1955/1956 academic year he worked as an assistant at the
Institute of Pathological Physiology of the Faculty of Pediatrics, Charles University.
He graduated “sub auspiciis” in 1956 at the Faculty of General Medicine, Charles
University in Prague, and became full-time research assistant to Professor Hepner
at the Institute of General and Experimental Pathology, Faculty of General
Medicine, Charles University (now the Institute of Pathological Physiology, First
Faculty of Medicine, Charles University), where he was appointed Assistant
Professor in 1961. Professor Spala worked for more than 50 years at the Institute
of Pathological Physiology, First Faculty of Medicine, and many faculty graduates
remember him as an excellent teacher. He defended his PhD dissertation thesis in
1963.

Professor Milan §péla, MD., PhD. - 1930-2018



8) Prague Medical Report /Vol. 119 (2018) No. 1, p. 5-8

From 1970 to 1974, he served as head of the Department of Physiology at the
University of Oran, Algeria (Département de Physiologie, Institut des Sciences
Médicales, Université d’Oran), which he himself later regarded as an important and
positive stage in his life. From 1978 to 1996 he was a representative for teaching at
the Department of Pathological Physiology of the First Faculty of Medicine and in
1989 he was habilitated in pathological physiology at Charles University in Prague.

From 1991 to 1993 he was a member of the Scientific Council of the First
Faculty of Medicine and from 1996 to 1998 a member of its Academic Senate.

In 1998, on the occasion of the 650 anniversary of the founding of Charles
University, Professor Spala was awarded the Commemorative Medal of Charles
University and the First Faculty of Medicine, and in 2003 for his work on Sbornik
lékarsky, the Commemorative Certificate of the First Faculty of Medicine of
Charles University.

Professor Spala was a member of the Physiological Society of the Czech Medical
Society and the Czech Society for Medical Informatics and Scientific Information
of the Czech Medical Society, where he worked from 2000 to 2006 as a member
of the Board. In 1990 he was appointed Honorary Member of the Society for
Pathological and Clinical Physiology of the Czech Medical Society and in 2006 was
an Honorary Member of the Czech Society for Medical Informatics and Scientific
Information.

| want this reminiscence of Professor Milan Spala, MD., PhD., Emeritus Chief
Editor of this journal, to be optimistic in tone. Professor Spala taught us much
while we peered out from the isolationism of the previous regime, he helped
establish various kinds of support for scientific work at Charles University and thus
his activities in university and professional societies will continue to contribute to
scientific and academic life even though Professor Spéla is no longer among us.

We honour his memory!

Prof. Karel Sonka, MD., DSc.
Member of the Prague Medical Report editorial board

Sonka K.
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Abstract: Sepsis is a multifactorial clinical syndrome with an extremely dynamic
clinical course and with high diverse clinical phenotype. Early diagnosis is crucial

for the final clinical outcome. Previous studies have not identified a biomarker

for the diagnosis of sepsis which would have sufficient sensitivity and specificity.
Identification of the infectious agents or the use of molecular biology, next gene

sequencing, has not brought significant benefit for the patient in terms of early

diagnosis. Therefore, we are currently searching for biomarkers, through “omics”

technologies with sufficient diagnostic specificity and sensitivity, able to predict the
clinical course of the disease and the patient response to therapy. Current progress

in the use of systems biology technologies brings us hope that by using big data

from clinical trials such biomarkers will be found.
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Introduction

When Friedrich Miescher published a work on nuclein in 1869, nobody was aware
of where this development in the medical field would go in the next 140 years
(Dahm, 2010). In 1953, Watson and Crick only needed one DIN4 page to publish
their groundbreaking work on the discovery of DNA structure (Watson and
Crick, 1953).This discovery heralded the explosion of new findings related to
research into the relation between the genome and its effect on the development
and course of diseases. The beginning of the 21° century saw an unprecedented
development of systemic biology. This scientific field in biology uses knowledge

in mathematics, biochemistry, chemistry and informatics to study complex
interactions present in biological systems. Its expansion was made possible by the
development of technology used for obtaining genomic and proteomic data and
information technology (IT) development. These technologies provide us with

new knowledge in medicine in terms of disease diagnosis and pathogenesis and
therapy. So-called precision medicine is the final product (Figure 1). Molecular
profiling and the use of therapies that target a specific disease’s genetic traits

are the two pillars of this approach.The most spectacular progress was made in
oncology and hemato-oncology (Ginsburg and Willard, 2009; Bombard et al., 2013;
Ciardiello et al., 2014;Yu and Snyder, 2016), in other medical fields, we witness their
large dissemination and gradual implementation into clinical practice. Significant
progress has also been achieved in the diagnostics and further research of sepsis
pathogenesis in the last 20 years. But, despite investments of several billion euros
(EUR) by the pharmaceutical industry in the last decades, only one new drug so
far has made it to the market (Toft and Tennesen, 2011; Marshall, 2014). Our
review provides an overview of the current situation in using “omics” technologies
(genomics, transcriptomics, proteinomics, metabolomics, pharmacogenomics) in the
diagnostics and its possible impact to the therapy of septic patients.

Sepsis

Sepsis is among the leading causes of death worldwide. It accounts for more

than 210,000 deaths annually in the United States, whereas similar death rates

are reported for other countries (Angus et al., 2001; Shen et al., 2010; Kumar

et al,, 2011; Rhee et al., 2017). In Germany, it is the third most frequent cause of
death in the German population and already the leading cost factor in German
intensive care medicine with total costs of EUR 1.7 billion per year (Brunkhorst
and Reinhart, 2005). It affects all age groups and it is the leading cause of morbidity
and mortality in critically ill patients following intensive care unit (ICU) admission.
Mortality from sepsis seems unchanged despite intense efforts in intensive care
management of the patient. Mortality of sepsis is currently higher than that of
myocardial infarction; even worse outcomes are revealed when patients with septic
shock are considered (Esper and Martin, 2007). Martin et al. (2009) analysed more
than 11,000 patients included in the international registry comprising severe sepsis

Pricha M.; Zazula R.; Russwurm S.
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Figure 1 — Precision medicine as a result of omics technologies.

Pharmacodynamics

cases. The total mortality reached almost 50%. The European Sepsis Occurrence in
Acutely Ill Patients (SOAP) study revealed that the incidence of sepsis in European
ICUs is 33% with an overall mortality of 27% (Vincent et al., 2006). In the past
decades, progress has been made in the education, prevention, identification,
treatment and rehabilitation of septic patients. All of these important advancements

Sepsis and Omics Technologies
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together have gradually ameliorated the individual burden of sepsis; nevertheless,
it remains unacceptably high. Moreover, due to the ever-growing incidence of
sepsis, the overall number of patients who die from sepsis continues to increase
(Adhikari et al., 2010; Jawad et al., 2012; Martin, 2012; De La Rica et al., 2016). Very
important aspect is impact of socioeconomic status on mortality and morbidity

in patients with sepsis (Schnegelsberg et al., 2016). It is not surprising that the
scientific community continues to call for improved treatment options, including a
timely diagnosis and active surveillance in hospitalized patients at high risk for the
development of sepsis.

Present state of the art in the field — science and methodology

In the pathogenesis of sepsis, the key player is the dysregulation of the mechanisms
of innate and adaptive immunity. A local inflammatory response progresses into

a systemic response, reflecting a failure of the immunological compensatory
mechanisms. Traditionally, sepsis is considered an exaggerated inflammatory
response of the host to a bacterial invader (Calandra et al., 2000; Cavaillon et

al,, 2003; Huang et al., 2010; van Vught et al., 2017). As such, it is conceived that
monitoring of the inflammatory host response may provide critical information
for diagnosis and prognosis. A plethora of circulating proteins has been studied in
the last 20 years as probable surrogate markers of the physical course of sepsis.
Their use is based on the rationale that since inflammation results from a bacterial
stimulus, changes of a biomarker or a combination of biomarkers may reflect
eradication or propagation of the infection site. However, none of the studied
biomarkers is considered an absolute reflection of the inflammatory state of the
host and none has yet reached wide routine use (Biron et al., 2015; Prucha et al.,
2015).

In the process of evolution, the innate immune system has developed many
mechanisms that are capable of recognizing a pathogenic organism and responding
to its presence accordingly. Furthermore, these mechanisms are capable of
identifying homeostasis disrupting stimuli of a non-infectious nature (e.g. ischemia,
trauma). For this purpose, immunocompetent cells possess pattern recognition
receptors (PRRs) that are capable of recognizing characteristic pathogen associated
molecular patterns (PAMPs). Upon interaction of PAMPs and PRRs, adaptor
proteins come into play whose task is to activate transcription factors (Kono and
Rock, 2008; van der Poll and Opal, 2008; Kumar et al., 2009a). Adaptor proteins
activate the transcription factors, including nuclear factor kB (NF-kB), activation
protein-1 (AP-1) and interferon response factor (IRF).The activation results in
the expression of genes for pro- and anti-inflammatory cytokines (Medzhitov,
2001; Wiel et al,, 2002; Akira et al., 2006). When severe sepsis becomes clinically
apparent, the host has already entered into a state of immunoparalysis where
circulating monocytes are no longer able to secrete pro-inflammatory cytokines,
antigen presentation fails and apoptosis of lymphocytes predominates (Ayala et al.,

Pricha M.; Zazula R.; Russwurm S.
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2003; Lopez-Collazo et al., 2006; Biswas et al., 2007; del Fresno et al., 2008,
2009).

Indeed, most of the studied potential biomarkers in severe sepsis, capable to
reflect immune system mode and inflammatory cascade stage(s), are protein
molecules with downregulated gene expression. Under this understanding of
timely non-coordinated and yet overlapping counter-balancing processes of
pro-inflammatory trigger and immunoparalysis follow-up stage, it is obvious
that circulatory proteins are not the ideal surrogate biomarkers for sepsis. The
underlying transcription of the genetic machinery of the host, which precedes
translation and post-translational modifications of functionally ready proteins in
time, occurs faster and reflects initial regulatory mechanisms necessary for the
final protein output; and is then expected to provide more important information
(Feezor et al., 2005). Novel “biomarkers” are urgently needed to identify correctly
and timely the “infection” as the underlying cause of a systemic host response,
because each hour of delay of anti-infectious therapy leads to a 5% increase in
mortality (Kumar et al., 2009b). A sensitive biomarker is desirable when the
consequences of missing the diagnosis are important; vice versa, a specific measure
is desirable when costs or potential side effects of treatment are considerable.
Both aspects are important in the context of sepsis where missed infections will
double mortality rates, and antibiotic overuse is associated with rising resistance
but also other problem such as organ toxicity, development of Clostridium difficile
infection, etc. Therefore, it is important for the clinician to know when antibiotics
can be safely withheld. While single proteins are useful biomarkers in a variety of
well-characterized diseases, such as troponin for the early detection of myocardial
infarction, new biomarker candidates for complex clinical syndromes such as sepsis
cannot reliably discriminate non-infectious from infectious systemic inflammation.
Procalcitonin, which probably best meets the requirements for a biomarker of
infection at present, is hampered by false positives in the setting of non-infectious
inflammation and a rather late induction during the host response to infection
(Becker et al., 2008; Sager et al., 2017). Recently clinical studies were published on
the relationship between presepsin and sepsis. Presepsin levels are increased in
septic patients with no significant difference between patients with gram-positive
or gram-negative infection. Presepsin appears to be very early biomarker of sepsis
with place in the clinical diagnostics and may be of interest for future studies
(Carpio et al., 2015; Zhang et al,, 2015). As the complexity of the host response
makes it unlikely that one single biomarker can adequately describe and stratify
this complex syndrome, response patterns come into play. Because changes in
the signalling of effector cells of innate immunity represent the earliest event in
the “infection-host response-continuum”, lab-on-a-chip assays addressing multiple
“omics” levels and analysing sets of biomarkers that reflect these changed patterns
can meet this need. Such an approach promises not only to substantially improve
sensitivity and specificity but also to shorten the time to diagnosis and therapy.

Sepsis and Omics Technologies
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The role of “omics” technologies in sepsis research:
1) Diagnostics of sepsis — to find biomarkers differentiating infectious and
non-infectious inflammation
2) To find biomarkers predicting the clinical outcome
3) To find biomarkers that offer the possibility for the therapy of sepsis
4) To find biomarkers predicting patient response to therapy

Genomics and epigenomics

On 26 June 2000, Celera Genomics and the International Human Genome
Sequencing Consortium (HGSC) announced the completion of the first assembly
of the human genome and the completion of the rough draft, respectively. In
February of 2001, two teams simultaneously published their analyses of the genome
sequences generated (Lander et al., 2001;Venter et al., 2001). At present, we know
that human genome contains approximately 22,000 genes that code proteins and
5-10 times more proteins are formed as their final product. The price of human
genome research has been immense — approximately 3 billion US dollars. In the
last 15 years, new technologies such as next gene sequencing (ngs) dramatically
reduced the price and, thus, the availability of complete genetic information. New
technologies provide for a faster and more complex approach (Ng and Kirkness,
2010). At present, it is possible to map the genome of an individual cell (Gawad

et al.,, 2016; Hynes et al., 2017). However, the beginnings of the relation between
genomics and infections date back to a more distant past. In 1988, Sgrensen and
colleagues demonstrated that the risk of dying from infectious disease was five
times higher if an individual’s biological parent had also died of infectious disease.
Since then, numerous studies have attempted to associate genetic markers of
genomic variation (polymorphisms) with incidence or outcome of infectious
disease and its sequelae in critically ill patients. Tumour necrosis factor (TNF) gene
polymorphisms showed association with an increased incidence as well as adverse
outcomes in patients with severe sepsis and septic shock (Stuber et al., 1996).
Similarly pro- and anti-inflammatory cytokines like the interleukin-1 (IL-1) gene
family, interleukin-6 (IL-6) and interleukin-10 (IL-10) are associated with different
outcomes of septic patients (Fang et al., 1999). Genomic variants of candidate
genes involved in pathogen recognition and signal transduction of inflammatory
pathways like CD14,Toll-like receptors (TLRs), lipopolysaccharide binding protein
(LBP), interleukin-1 receptor-associated kinase (IRAK 4), IRAK 1 may also
contribute to the incidence, severity and mortality of infectious complications in
the critically ill (Hubacek et al., 2001; Feterowski et al., 2003; Medvedev et al.,
2003; Sutherland et al., 2005; Arcaroli et al., 2006; Khor et al., 2007; Chien

et al.,, 2008; Mansur et al., 2015). In addition, it has been recognized that protein
cascades involved in the pathophysiology of sepsis, such as the coagulation cascade,
represent strong genomic candidate markers for association studies (Hermans

et al, 1999). In a recent study, German authors conducted GWAS in a cohort of

Pricha M.; Zazula R.; Russwurm S.
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740 adult patients with sepsis. They found 14 loci with suggestive evidence for an
association with 28-day mortality and found supportive, converging evidence for
three of them in independent data sets. Authors have concluded that elucidating
the underlying biological mechanisms of VPS13A, CRISPLD2, and the chromosome
13 locus should be a focus of future research activities (Scherag et al., 2016).

A study performed by Rautanen et al. (2015) revealed interesting results. Authors
identified variants in the FER gene, which are associated with a reduced risk of
death from sepsis due to pneumonia.The FER gene encodes non-receptor protein
tyrosine kinase. Tyrosine kinase is an enzyme from the protein kinase group, which
catalyzes the transfer of a phosphate group (phosphorylation) from nucleoside
triphosphate (mostly ATP) to the amino acid tyrosine in proteins. Non-receptor
tyrosine kinases function in the cytoplasm and transfer signals within the cell into
the nucleus (Gocek et al., 2014). The FER gene affects leukocyte recruitment and
intestinal barrier dysfunction caused by lipopolysaccharide (LPS) (Parsons et al.,
2007). Srinivasan et al. (2017) studied single nucleotide polymorphisms with sepsis
in a cohort of 757 prematurely born children. The authors concluded that they did
not find a significant association between single nucleotide polymorphism (SNP)
and sepsis, however, areas of the potential association and pathways meriting for
further study were identified. Sapru et al. (2016) proved association of common
genetic variation in the protein C pathway genes with clinical outcomes in acute
respiratory distress syndrome.The Netherland study provides a method for the
molecular classification of patients with sepsis to 4 different endotypes upon ICU
admission. Detection of sepsis endotypes might assist in providing personalized
patient management and in selection for trials (Scicluna et al., 2017). Current
results show that sepsis is a multifactorial disease, which is not necessarily

related to a certain gene of a group of genes and/or their variants. Patients with
primary immunodeficiency who are sensitive to certain types of infection are an
exception (Feezor et al.,, 2005; Bustamante et al., 2014). Gene activity varies due
to different epigenetic mechanisms. The mechanisms involve DNA modification by
methylation and histone modification. Histone modifications represent acetylation,
ubiquitination and phosphorylation. Both histone modifications and DNA cytosine
methylation have been shown to regulate gene expression (Esteller, 2007; Dong and
Weng, 2013). The main principle is the gene expression variability without a change
in DNA sequence (Phillips, 2008). The example of this phenomenon is the bacteria-
host interaction. Bacterium-induced epigenetic deregulations may affect host cell
function either to promote host defence or to allow pathogen persistence. Thus,
pathogenic bacteria can be considered as potential epimutagens able to reshape
the epigenome (Bierne et al., 2012; Stephens et al., 2013).

Transcriptomics

Transcriptomics evaluates messenger RNA levels for genes in specific cells
or tissues. Transcriptomics aims at monitoring gene activity and regulation,

Sepsis and Omics Technologies
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differentiating infectious and non-infectious inflammation, finding pathogenetic
mechanisms and parameters that will predict clinical outcome. A number of

issues arise in these studies dealing with sepsis. The first one is the enormous
dynamics of disease progression in sepsis. From the pathogenetic point of view,
sepsis is characterized by the concurrent presence of pro-inflammatory and anti-
inflammatory phases that translates into immunosuppression (Boomer et al., 2011;
Xiao et al.,, 2011; Hotchkiss et al., 2013; Cazalis et al., 2014). However, the clinical
course of sepsis shows that in its early stages, pro-inflammatory elements are
dominant and characterized by high production of pro-inflammatory cytokines,
which at a later time lead to functional immunosuppression. Therefore, gene
expression is likely to differ according to the development of sepsis over time
(Leentjens et al., 2013). Another issue that we have to deal with when studying
sepsis, is the target tissue of the organ in which gene expression is to be measured.
It is not possible to harvest tissue in septic patients for ethical reasons; therefore,
our data are based on measurements of the best available analyte — full blood
and/or individual blood cell subpopulations. It is clearly not a bad alternative from
the pathogenetic point of view because full blood, with all its immunocompetent
cells, represents a robust and complex immunological mechanism involved in sepsis
pathogenesis (Leliefeld et al.,, 2016). On the other hand, it is a potential source

of possible erroneous conclusions. The reasons for this are multiple (starting

with the patient’s age) children vs. adults (immaturity of the immune system vs.

a large number of co-morbidities in elderly patients who represent the majority

of patients dying from sepsis) and different gene expression depending on cell
subpopulations (e.g. neutrophils, NK cells and lymphocytes). A study by Palmer et
al. (2006) revealed different gene expression, depending on the subpopulation of
immunocompetent cells. Study by Parnell et al. (2013) measuring gene expression
in full blood identified genes with immune dysfunction in septic patients. Practically,
no study has been performed that would evaluate gene expression in individual
organs during clinical sepsis, with the exception of experimental studies (Cobb

et al., 2002).

Differentiation of infectious and non-infectious SIRS, pathogenetic mechanisms of sepsis
The first studies evaluated gene expression in volunteers who received an
endotoxin dose (Calvano et al., 2005; Talwar, 2006). They found a different
expression in volunteers who received endotoxin and identified target gene groups
with their bonds in gene maps. Since the beginning, the limits of experimental
endotoxin use were clear compared with clinical sepsis with a living infectious
agent. One of the first clinical study performed in patients with sepsis that
confirmed different gene expression in systemic inflammatory response syndrome
(SIRS) of infectious and non-infectious etiology was published in 2004 (Prucha

et al.,, 2004). The results were confirmed by other studies (Johnson et al., 2007;
Lissauer et al., 2009; Seok et al., 2013; Sweeney et al., 2015). Differences were

Pricha M.; Zazula R.; Russwurm S.
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found with respect to the septic agent. While a study by Tang et al. (2008) did not
reveal a different gene expression in gram-positive (G+) and gram-negative (G-)
infections, a study by Yu et al. (2004) obtained different results.When studying
gene expression, attention is paid to mechanisms characterizing inflammation of
infectious etiology and disease severity. A study by Grealy et al. (2013) revealed
different gene expression of IL-2, IL-10, IL-23, [L-27, interferon-y (IFN v) and
TNFa, based on whether it was an infection or severe sepsis. A study performed
by Hinrichs et al. (2010) identified genes, the expression of which predicts
postoperative sepsis. Significant differences (P<0.005) in gene expression between
the 2 groups were observed for IL1B (interleukin 1, beta), TNF [tumour necrosis
factor (TNF superfamily, member 2)], CD3D [CD3d molecule, delta (CD3-TCR
complex)] and PRF1 [perforin 1 (pore forming protein)]. The combination of

TNF, IL1B and CD3D expression had a sensitivity and specificity of 90% and 85%,
respectively, and predicted exclusion of postoperative sepsis with an estimated
negative predictive value of 98.1% (Hinrichs et al., 2010). Different gene expression
was demonstrated in bacterial and virus infections related to immune dysfunction.
Authors identified a T-cell-dominant gene-expression signature that is associated
with the host response to severe influenza pneumonia. Genes linked to the

cell cycle and its regulation were the main determinants of the host response

in influenza infection. Interestingly study failed to identify an immune response
specific to bacterial pneumonia (Parnell et al., 2012). A study by Sampson et al.
(2017) which revealed different gene expression depending on virus or bacterial
etiology, produced similar results. Should these abilities of a specific group of
genes be confirmed, there is a real possibility of their implementation in clinical
practice, which would affect antibiotic consumption, resistance development, etc.
Another very recent study revealed individual predisposition of septic patients with
regard to the final outcome and prognosis. Davenport et al. (2016) analysed gene
expression of peripheral blood leucocytes in ICU patients who were admitted
for sepsis caused by community acquired pneumonia and evidence of organ
dysfunction. Transcriptomic analysis defined two different pictures — so-called sepsis
response signature (SRS). SRS1 found in 41% of patients, identified patients with
an immunosuppression phenotype (endotoxin tolerance, T-cell exhaustion and
human leukocyte antigen (HLA) class Il regulation disorder).This phenotype was
associated with higher 14-day mortality (Davenport et al., 2016). In 2014, Fiusa et
al. published a meta-analysis of gene expression in severe sepsis and septic shock.
From 45 studies out of 22,216 probe sets, authors observed 352 as candidates
(215 of which were upregulated and 137 downregulated).The top 5 up-regulated
genes were CD177, MMP8, HP, ARG1 and ANXA3.The top downregulated

genes were FCER1A,YMEI1L1,TRDV3, LRRN3 and MYBL1 (Fiusa et al,, 2014).

In response to a need for better sepsis diagnostics, several new gene expression
classifiers have been recently published, including the 11-gene “Sepsis MetaScore”,
the “FAIM3-to-PLACS8” ratio and the Septicyte Lab.The three diagnostics do not
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show significant differences in overall ability to distinguish non-infectious SIRS from
sepsis (Sweeney and Khatri, 2017). On the other hand, the study of Zimmerman

et al. (2017) showed that the Septicyte Lab test is able to discriminate between
clinically severe sepsis syndrome and infection-negative systemic inflammation
among critically ill children.

Proteomics

We differentiate between express proteomics detecting proteins, which are
characteristic of sepsis, and functional proteomics, which identifies proteomic
markers and their function on the molecular level. A key role is played by the

type of technology used. At present, there are two-dimensional differential gel
electrophoresis (2D-DIGE), matrix-associated laser desorption/ionization-time of
flight (MALDI-TOF), surface-enhanced laser desorption/ionization-time of flight
(SELDI-TOF), laser capture microdissection-MS (LCM-MS) and protein microarray
(Mesri, 2014). It should be noted that different technological platforms do not
provide the same results. There is only a partial overlap between the biomarkers
identified by individual technologies. This of course makes the verification of
results more difficult. In addition to genomics, proteomics is a significant means

of precision medicine that advances diagnostics and disease treatment a large

step ahead. Similar objectives are followed here to find new biomarkers, which

will differentiate infectious systemic inflammation from non-infectious systemic
inflammation, and to find pathogenetic mechanisms that could be implemented in
clinical practice with regard to diagnostics and treatment. Buhimschi used 2D-DIGE
and mass spectrometry to study umbilical blood proteome in order to find
biomarkers that could identify patients with an early onset of sepsis. The authors
found that a switch-on in haptoglobin to haptoglobin-related protein expression
reflected a fetal adaptive response to intraamniotic infection exposure in utero
(Buhimschi et al. 2011). A study Paugam-Burtz et al. (2010) identified new proteins
detected in patients following liver transplant and sepsis. This study used plasma
profiling coupling protein chip array with SELDI-TOF. In the validation set of

31 patients with infection and 34 without infection, the 5 peaks were differentially
expressed as well and allowed day 5 sepsis diagnosis with a positive likelihood ratio
of 5.1 and C-statistics of 0.74 (0.58-0.85) (Paugam-Burtz et al., 2010). Proteomics
is used to study infectious model and describe protein-protein interactions.

A Swedish study using mass spectrometry maps the interaction between bacterial
and plasma proteins. Using Streptococcus pyogenes as an infectious agent and
adhered human blood plasma protein, the author constructed a stoichiometric
model of protein structure interaction. The model and knowledge of these
constructions will help to better understand protein-protein interactions and their
importance for bacterial virulence (Sjoholm et al., 2017). Another Swedish study
based on an experimental sepsis model with virulent Streptococcus pyogenes in mice
maps proteins in blood plasma and individual organs.The results not only showed
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a partial overlapping of proteins in individual organs but also protein abundance
levels, which differ in different organs (Malmstrom et al., 2016). These findings
confirmed the results of previous studies (Huttlin et al., 2010; Geiger et al., 2013).

Metabolomics

Metabolomics is the large-scale study of small molecules (commonly known as
metabolites) within cells, fluids, tissues or organisms. Collectively, these small
molecules and their interactions within a biological system are known as the
metabolome. Metabolomics is the study of substrates and products of metabolism,
which are influenced by both genetic and environmental factors (Kosmides et

al., 2013). Metabolomics is a powerful approach because metabolites and their
concentrations, unlike other “omics” measures, directly reflect the underlying
biochemical activity and state of cells/tissues. Thus, metabolomics best represents
the molecular phenotype (Serkova et al., 2011; Patti et al., 2012). The Human
Metabolome Database contains records for more than 42,000 metabolites, from
sugars to peptides to cofactors. But the total may be significantly higher, and
single analytical methods often struggle to capture the chemical diversity. Current
technologies can even analyse a metabolome in one cell. With regard to the
immense heterogeneity of cell populations, the question is whether this approach
can bring about significant progress (Fessenden, 2016). The aims of metabolomics
are the same as with other “omics” technologies — diagnosis, prognosis and
identification of at risk patients. Swedish authors published an interesting study.
In a prospective study, whole blood samples from 65 patients with bacteremic
sepsis and 49 controls were compared. The blood samples were analysed using
gas chromatography coupled to time-of-flight mass spectrometry. A 6-metabolite
predictive logistic regression model showed a sensitivity of 0.91 (95% confidence
interval (Cl) 0.69-0.99) and a specificity of 0.84 (95% CI 0.58-0.94) with an area
under curve (AUC) of 0.93 (95% Cl 0.89-1.01). Myristic acid was the single most
predictive metabolite, with a sensitivity of 1.00 (95% CI 0.85—-1.00) and specificity
of 0.95 (95% CI 0.74-0.99), and performed better than various combinations

of conventional laboratory and clinical parameters (Kauppi et al., 2016).
Ambrogio examined urine metabolome in an infant with fatal methicillin resistant
Staphylococcus aureus (MRSA) pneumonia, 4 children with influenza pneumonia
(pneumonia control group) and 7 healthy children with no known infections. Urine
metabolite concentrations previously identified as associated with sepsis in children
(e.g. 3-hydroxybutyrate, carnitine and creatinine) were higher in the patient with
fatal MRSA pneumonia compared with those of patients with influenza pneumonia
and healthy controls. The concentrations of additional metabolites (acetone,
acetoacetate, choline, fumarate, glucose and 3-aminoisobutyrate) were more

than 25-fold higher in the patient with MRSA pneumonia than those of patients
with influenza pneumonia and healthy controls. These metabolic changes in the
urine preceded the clinically severe sepsis phenotype, suggesting that detection
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of the extent of metabolic disruption can aid in the early identification of a sepsis
phenotype in advance of the clinical diagnosis (Ambroggio et al., 2017). In other
study, Ferrario et al. (2016) examined plasma metabolome and clinical features in a
subset of 20 patients with severe septic shock. Early changes in the plasma levels of
low unsaturated long-chain phosphatidylcholines and kynurenine were associated
with mortality (Ferrario et al., 2016). A urine metabolomic analysis in terms of the
patient’s prognosis was also performed by the authors of a Spanish study. Urine
samples were collected from 64 patients with severe sepsis or septic shock in

the ICU. Authors compared the prediction power of metabolomics data respect
with respect to Sequential Organ Failure Assessment (SOFA) score. Supervised
multivariate analysis afforded a good predictive model to distinguish the patient
groups and to detect specific metabolic patterns. Negative prognosis patients
presented higher values of ethanol, glucose and hippurate, and, on the contrary,
lower levels of methionine, glutamine, arginine and phenylalanine (Garcia-Simon

et al.,, 2015). And finally, a Chinese study provides the proteomic analysis of urine
to identify prognostic biomarkers of sepsis. The 7 identified proteins provide
insight into the mechanism of sepsis. Low urinary lysosome-associated membrane
protein-1 levels may be useful for the early prognostic assessment of sepsis (Su

et al.,, 2013). Su et al. (2013) described the metabolic profile of normal patients
and patients with SIRS or sepsis, which was markedly different. Seven metabolites
may potentially be used to diagnose sepsis. A significant decrease in the levels

of lactitol dehydrate and S-phenyl-D-cysteine and an increase in the levels of
S-(3-methylbutanoyl)-dihydrolipoamide-E and N-nonanoy! glycine were observed
in patients with sepsis in comparison to patients with SIRS (P<0.05). Patients

with severe sepsis and septic shock displayed lower levels of glyceryl-phosphoryl-
ethanolamine, Ne, Ne dimethyllysine, phenylacetamide and D-cysteine (P<0.05) in
their sera (Su et al., 2014).

Pharmacogenomics — Pharmacometabolomics

“Omics” technologies are developing further. They result not only in identifying
new biomarkers, new knowledge of disease pathogenesis and prediction of

the clinical course of disease and outcomes in patients but have also direct
consequences for research dealing with drug efficiency. Pharmacogenomics

and pharmacometabolomics provide tools for mapping the effects of drugs

on metabolism and for identifying pathways that contribute to drug response
variation (Kaddurah-Daouk et al., 2015). In septic patients, only a few studies
were presented. Man et al. (2013) conducted a GWAS using a large randomised
clinical trial cohort to discover genetic biomarkers of response to therapy in
septic patients. Evidence for gene-gene interactions were identified for sepsis
treatment responses with genetic biomarkers dominating models for predicting
therapeutic response (Man et al., 2013). Study of Puskarich et al. (2015) shows a
unique metabolite profile of L-carnitine responders in patients with septic shock.
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Pharmacometabolomics has clear potential for the future in predicting patients’
reactions to individual drugs (Everett, 2016; Huan et al., 2017; Rattray and Kaddurah
Daouk, 2017).

Limitations of the use of omics technology in sepsis

Sepsis, as a systemic expression of a pathological response of the immune system
to infection, is an extremely complex and dynamic process. Unlike chronic
inflammatory autoimmune diseases and oncological diseases, whose preclinical and
clinical progression is relatively long and enables current use of omics technology
findings both in diagnostics and therapy, sepsis is a clinical syndrome the trigger
mechanism of which still fails to be identified. It is already possible to identify some
biomarkers, which predict a higher risk of adverse outcomes in these patients. The
use of increasingly better technologies including the evaluation of “big data” raises
hope that we will be able to use precise medicine even with them.As the example
of chronic inflammatory autoimmune diseases shows (e.g. rheumatoid arthritis (RA)
or Crohn disease) they are, on the basis of molecular analyses, differentiated to
new subtypes or various nosologic units with different patient’s phenotype and with
different pathogenesis resulting presumably in different therapeutic approaches (Li
and Kauffman, 2014; Smolen et al., 2016;Wang et al., 2017; Weiser et al., 2018).

Conclusion

At present, omics technologies represent significant technological progress in the
further study of sepsis pathogenesis, its relation with genetic predisposition and

a pathway to more effective pharmacotherapy. So far, there is no practical use in
sepsis diagnosis and treatment, but it seems to be a very hopeful and promising
journey. Omics data can be a powerful tool for patient diagnostics, stratification and
therapy similar to patients with traumatic and thermal injury (Hazeldine et al., 2016).
In addition, the recent discovery of CRISPR-Cas9 (clustered regularly interspaced
short palindromic repeats-CRISPR associated protein 9) and their specific use in
disease diagnostics and treatment having a significant predictive value for genetic
predisposition is revolutionary (Gootenberg et al., 2017; Patel et al., 2017).
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Abstract: The current diagnostic algorithm for beta-lactam allergy is based

on skin and provocation tests, both of which carry a certain risk of inducing
hypersensitivity reactions. Thus, non-invasive in vitro tests reliable enough to replace
skin and provocation tests at least in a portion of patients are desirable.We aimed
to verify the utility of IFN-y ELISPOT as a first-line test in patients with suspected
non-immediate hypersensitivity reaction to amoxicillin (AMX) and penicillin (PNC).
The prospective observational study included 24 patients with recent, suspected
non-immediate hypersensitivity reaction to AMX or PNC and 6 recently-exposed
healthy subjects. In vitro tests were performed in all patients and healthy subjects:
a) IFN-y ELISPOT with PNC,AMX and amoxicillin plus clavulanic acid (AMX-CL);
b) penicillin specific IgE; c) basophil activation test (BAT). Skin and provocation
tests followed only in certain patients. IFN-y ELISPOT results with PNC and AMX
stimulation did not differ from the unstimulated condition. The highest I[FN-y
responses to AMX-CL were close to previously published criteria in three patients;
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one of which had true hypersensitivity according to drug provocation tests. Five
patients with confirmed hypersensitivity by skin tests showed no response to the
culprit antibiotic on IFN-y ELISPOT assay. Our results did not support the utility
of IFN-y ELISPOT in the diagnosis of mild, non-immediate hypersensitivity to
amoxicillin and penicillin.

Introduction

Beta-lactam hypersensitivity has a significant impact on treatment options in
affected patients. Up to 10% of patients have a self-reported allergy to penicillin.
The avoidance of penicillin and other beta-lactam antibiotics increases the
consumption of second-line broad-spectrum antibiotics and is followed by many
unfavourable consequences: higher rate of treatment failures and complications,
increased microbial resistance and higher treatment costs (Macy and Contreras,
2014; Solensky, 2014). However, true penicillin hypersensitivity is known to

be present in only 10% of patients labelled penicillin-allergic. The correct
determination of penicillin allergy has become a very important issue in public
health.

Beta-lactam hypersensitivity has heterogeneous manifestations. From a clinical
and diagnostic point of view, the most useful classification distinguishes between
immediate and non-immediate hypersensitivity. Immediate hypersensitivity generally
begins within 1 hour from exposure to an antibiotic and is often mediated by
immunoglobulin E (IgE). Non-immediate hypersensitivity manifests later, usually
within several hours or days, and is primarily mediated by T-lymphocytes (Blanca
et al, 2009). The current diagnostic algorithm for beta-lactam hypersensitivity
recommended by the European Network of Drug Allergy (ENDA) and the
Drug Allergy Interest Group (DAIG) of the European Academy of Allergy and
Clinical Immunology (EAACI) relies mostly on in vivo tests (skin and provocation
tests) (Demoly et al., 2014), while the role of in vitro tests is complementary.
The availability of complex allergy diagnostics by in vivo testing is currently
suboptimal in the Czech Republic (CZ) as it carries certain risks for patients, and
thus is provided in only a few experienced allergy centres. Currently, a simple
approach to screening suspected beta-lactam allergy in vitro is used for immediate
hypersensitivity in CZ, mainly using specific IgE, as well as the basophil activation
test (BAT) to lesser extent.When a positive result confirms sensitisation and
corresponds to clinical history, further examination is not required. All negative
results should be followed up as the sensitivity of specific IgE and BAT for beta-
lactam hypersensitivity is low (Demoly et al., 2014; Mayorga et al., 2016). Most
beta-lactam hypersensitivity reactions are non-immediate, therefore the ability to
confirm at least some cases by in vitro methods is desirable.

As non-immediate hypersensitivity reactions to beta-lactams are mediated
primarily by T-lymphocytes, in vitro determination is focused on the detection
of beta-lactam specific T-lymphocytes.Various tests of lymphocyte proliferation,

ELISPOT in Beta-lactam Allergy
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activation or cytokine production have been employed. Among other techniques,
enzyme-linked immunospot assay (ELISPOT) appears to be very promising, as it

is an exceptionally sensitive method for the detection of specific T-lymphocytes.
Peripheral blood mononuclear cells (PBMC) obtained from a sensitised patient are
cultured in the presence of the suspected drug. Re-stimulated lymphocytes secrete
cytokines that are trapped by a membrane-captured cytokine-specific primary
antibody and visualised by an enzyme-linked secondary antibody, similar to ELISA.
The result is expressed as spot forming cells (= number of cytokine-secreting cells).
ELISPOT is capable of detecting < 25 secreting cells per million PBMC (Ebo et al.,
2011; Mayorga et al., 2016). Interferon y (IFN-y) is considered a key cytokine in the
pathogenesis of delayed drug hypersensitivity reactions, especially maculopapular
exanthemas (Rozieres et al., 2009; Porebski and Czarnobilska, 2015). A study by
Rozieres et al. (2009) reported a sensitivity of 91% and specificity of 95% for
IFN-y ELISPOT in patients with maculopapular exanthema after amoxicillin
treatment. We aimed to confirm the utility of IFN-y ELISPOT as a first-line in vitro
test in the diagnosis of amoxicillin non-immediate hypersensitivity, as well as in
non-immediate penicillin hypersensitivity.

Material and Methods
Twenty-five patients (group A) and 6 healthy subjects (group B) were enrolled
in the prospective observational study between September 2014 and June 2016.
Group characteristics are presented in Tables 1,2 (group A) and 3 (group B).The
inclusion criterion for group A (patients) was manifestations of a non-immediate
hypersensitivity reaction with an onset of 1 hour or more from the initiation of
penicillin (PNC) or amoxicillin (AMX) treatment within the last year. The inclusion
criterion for group B (healthy subjects) was well-tolerated PNC or AMX treatment
within the last year. Both common forms of AMX treatment were included: AMX
alone and AMX plus clavulanic acid (AMX-CL).The study was approved by the
Ethics Committee of Na Homolce Hospital, and all participants provided signed,
informed consent.

In vitro tests for each participant were performed at one time.The timing
was targeted to between one month and one year from the resolution of the
hypersensitivity reaction in group A and between one month and one year from
the end of antibiotic treatment in group B.Three sets of tests were performed in
all subjects: a) IFN-y ELISPOT to detect T-lymphocytes specific to benzylpenicillin,
AMX and AMX-CL; b) penicillin-specific IgE; c) BAT. Specific IgE and BAT was
included to detect the incidental presence of type IgE sensitisation to penicillin
beta-lactams.

ELISPOT assay

For the detection of drug-specific IFN-y producing T-lymphocytes, a pre-coated
Human IFN-y ELISPOT Kit (C.T.L. Europe GmbH, Bonn, Germany) was used.

Sedlackova L.; Pricha M.; Polakova I.; Mikova B.
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Table 3 — Characteristics of healthy controls

. % Tolerated ELISPOT

§ 9 bew A SFC/10¢ PBMC S| slgE BAT
3 % hewm TNl AMX  PNC  AMXCL AMX  PNC

HC1 54F AMX-CL 7.8 22 100 0.0 0.8 00 - -
HC2 60F AMX-CL 67  -33  -100 13 0.8 05 - -
HC3 50F AMX-CL 20 0.6 0.7 40 2.0 00 - -
HC4 36F AMX-CL 13 0.7 0.7 0.0 0.0 00 - -
HC5 44F PNC 0.0 0.0 0.0 0.0 0.0 00 - -
HC6 21F PNC 14 1.4 0.0 0.5 05 0 - -

AMX — amoxicillin; PNC — penicillin; AMX-CL — amoxicillin plus clavulanic acid; BAT — basophil activation test;
SFC — spot forming cells; PBMC — peripheral blood mononuclear cells; HC — healthy control; SI — stimulation index;
A — delta value; +positive; —negative

Blood was drawn into a Cell Preparation Tube (Vacutainer® CPT™ Heparin,
Becton Dickinson). Peripheral blood mononuclear cells (PBMC) were isolated after
centrifugation at 1500 g and their concentration was adjusted to 5x10° cells/ml

by adding serum-free CTL Test™ Medium (C.T.L. Europe GmbH, Bonn, Germany).
The assay was performed in triplicate. PBMC (100 pl, 5%10°/well) were incubated
with benzylpenicillin (Penicilin G draselna sol® Biotika, 100 ul, concentration

5x10° IU/ml), AMX-CL (Amoksiklav® Lek Pharmaceuticals, 100 pl, concentration

1 mg/ml) and AMX (Amoxicillin for skin tests, Diater, 100 pl, concentration

1 mg/ml) for 24 hours at 37 °C in 5% CO,.The antibiotic concentration used was
adapted from Rozieres et al. (2009).As a negative control, cells were incubated
with medium (100 pl CTL medium), and phytohemagglutinin (PHA, Sigma Aldrich,
St Louis, USA, 100 pl, concentration 5 pg/ml) stimulation was used as a positive
control. The cells were then removed by two washes with PBS (phosphate buffered
saline) and two washes with PBS — 0.05% Tween-20, IFN-y detection antibody was
added for 2 hours, the wells were washed three times with PBS — 0.05% Tween-20.
Streptavidin-AP Solution was added for 30 min, followed by two washing steps
with PBS — 0.05% Tween-20 and with distilled water. Spots were developed using
the Developer Solution and the reaction was stopped by washing three times

with tap water. Spot forming cells (SFC) were counted by a CTL-ImmunoSpot S5
UV Analyzer (C.T.L. Europe GmbH, Bonn, Germany). Results were expressed as:

a) the number of IFN-y SFC/10° PBMC for the unstimulated condition (medium)
and stimulation with each antibiotic (AMX-CL,AMX and PNC); b) delta (A) values,
the difference between the response value in the presence of antibiotic and the
unstimulated condition value (Tables 1-3); c) stimulation index (SI), response

value in the presence of the antibiotic divided by the unstimulated value in each
participant (Tables 1-3).

ELISPOT in Beta-lactam Allergy
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Specific IgE to penicilloyl G, penicilloyl V, ampicilloyl and amoxicilloyl was
performed by ImmunoCAP assay (ThermoFisher Scientific, Uppsala, Sweden).

BAT was performed by the FlowCAST assay (Biihimann, Basel, Switzerland),
with benzylpenicilloyl-L-octa-lysin, sodium benzylpenilloate and sodium amoxicillin
(Diater, Madrid, Spain), penicillin G (Penicilin G draselna sol®, Biotika), ampicillin
(Ampicilin®, Biotika) and amoxicillin plus clavulanic acid (Amoksiklav®, Lek
Pharmaceuticals). BAT was analysed by a flow cytometer FACS Calibur (BD
Biosciences, San Jose, USA).

Follow-up

Clinical evaluation by skin and provocation tests followed in one subgroup

of patients. Skin tests (ST) with major and minor penicillin determinant
(benzylpenicilloyl-L-octa-lysin and sodium benzylpenilloate, DAP Diater, Madrid,
Spain), penicillin G (Penicilin G draselna sol®, Biotika, 10000 IU/ml) and amoxicillin
+ clavulanic acid (Amoksiklav® Lek Pharmaceuticals, 20 mg/ml) were performed

in 21 patients according to the ENDA and DAIG of EAACI recommendations
(Brockow et al., 2013). A drug provocation test (DPT) with culprit beta-lactam
was performed in 10 patients; in 5 cases with oral phenoxymethylpenicillinum
(V-Penicilin®, Biotika) and in 5 cases with amoxicillin + clavulanic acid (Amoksiklav®,
Lek Pharmaceuticals). The DPTs were performed as described previously (Romano
et al., 2004).

Statistical analysis

Normality was evaluated using a chi-square test for each variable. As normal

data distribution was not shown by the chi-square test, the Wilcoxon paired test
was used to evaluate the significance testing between patient group results for
unstimulated conditions and stimulation with each antibiotic. P-values < 0.05 were
considered statistically significant.

Results

IFN-y ELISPOT assay results were evaluated in 24 of 25 patients from group A

and in all 6 healthy subjects from group B.The number of IFN-y producing PBMC
showed strong response to PHA (positive control) in all but one patient, who

was therefore excluded from further analyses. Antibiotic response was generally
weak, very close to the unstimulated condition (incubation with medium alone).
Results expressed as delta (A) values (number of IFN-y SFC/10® PBMC cultured
with each antibiotic after subtraction of values obtained from PBMC cultured

with medium only) are presented in Table 1 for patients reacting to amoxicillin,
Table 2 for patients reacting to penicillin and Table 3 for healthy controls tolerating
amoxicillin or penicillin. Often the number of IFN-y SFC was slightly higher in wells
with medium than with the antibiotic, and therefore some delta values were less
than zero.The stimulation indices (SI) were also calculated (Tables 1-3) and data

Sedlackova L.; Pricha M.; Polakova I.; Mikova B.
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Table 4 — Characteristics of results

Group A Medium AMX-CL AMX PNC
(n=24) (SFC/10° PBMC)  (SFC/10® PBMC) (SFC/10° PBMC) (SFC/10° PBMC)
Min—max 0-31.3 0-34 0-28.7 0-14
Median 2 4.45 2 2
Interquartile range 1-3.6 1-9.7 0.7-4.35 0.7-4.7
Chi-square test reject normality  reject normality  reject normality  reject normality

AMX — amoxicillin; PNC — penicillin; AMX-CL — amoxicillin plus clavulanic acid; SFC — spot forming cells;
PBMC — peripheral blood mononuclear cells

Table 5 - Statistical significance by Wilcoxon test

Group A (n=24) P-value
AMX-CL vs. medium 0.0071*
AMX vs. medium 0.5217
PNC vs. medium 0.2253

AMX — amoxicillin; PNC — penicillin; AMX-CL — amoxicillin plus clavulanic acid; ¥p<0.05

characteristics are summarised in Table 4. Group comparison (drug stimulation
versus unstimulated condition) is presented in Table 5. A significant difference in
IFN-y secretion was found only between PBMC cultured with medium and PBMC
cultured with AMX-CL. Results obtained with AMX and benzylpenicillin did not
differ significantly from the unstimulated condition (medium).

IgE sensitization was detected in one patient (patient No. 6) by specific IgE
positivity to penicilloyl V (7.58 kUA/I), ampicilloyl (1.46 kUA/I), penicilloyl G
(0.74 kUA/I) and amoxicilloyl (0.71 kUA/I). None of the patients or healthy subjects
had positive BAT; the results of 3 patients were not evaluated, in one case due to
high spontaneous activation and in two cases due to the absence of basophils in
the analysis (Tables 1 and 2).

Follow-up by skin and provocation tests confirmed drug hypersensitivity in
6 patients and excluded it in 9 patients (Tables 1 and 2). Nine patients did not
finish the allergy work up. Positive DPT corresponded to the second highest IFN-y
response to AMX-CL (patient No. 5). Five patients had hypersensitivity confirmed
by ST, but showed no response to the culprit antibiotic in the IFN-y ELISPOT assay
(patients No. 1, 2, 3,4 and 16).

Discussion

The utility of ELISPOT in the diagnosis of drug hypersensitivity has been shown

by several authors (Rozieres et al., 2009; Zawodniak et al., 2010; El-Ghaiesh et al.,
2012; Esser et al., 2012; Fu et al., 2012; Polak et al., 2013; Tanvarasethee et al., 2013;

ELISPOT in Beta-lactam Allergy
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Ben-Said et al., 2015; Kato et al., 2017; Trubiano et al., 2017), as well as in many case
reports. Nevertheless, the target patient population, drug used, cytokine studied
and protocols differ considerably.Also, the reported sensitivity for beta-lactams
varies over a wide range, from 13 to 91%.

The objective of the present study was to verify the efficacy of ELISPOT in
non-immediate beta-lactam hypersensitivity. It was previously reported that
the IFN-y ELISPOT assay shows good sensitivity (91%) and specificity (95%) in
demonstrating delayed drug hypersensitivity reactions to amoxicillin (Rozieres
et al.,, 2009).We aimed to confirm its utility as a first-line test not only for
amoxicillin, but also for penicillin. Skin and provocation tests are routinely used at
our department, however patient compliance to the entire procedure is generally
suboptimal as it is time-consuming and not risk free.As the sensitivity of in vivo and
in vitro drug allergy tests decreases over time (Fernandez et al., 2009), an inclusion
criterion of reaction or exposure to penicillin or amoxicillin in the last 12 months
was used.

We used very similar conditions to those described previously (Rozieres
et al,, 2009). However, our study did not confirm the previous findings. None
of our patients achieved the suggested cut-off value for positivity, 30 SFC/10°
PBMC (Rozieres et al., 2009). Assays with PNC (generic Penicilin G draselna
sol® Biotika) and sole AMX (commercial Amoxicillin for skin tests, Diater) in
the same concentration as in the original work failed completely; the difference
between unstimulated conditions and drug stimulation was negligible. The assay
with AMX-CL (generic Amoksiklav® Lek Pharmaceuticals) significantly differed
from unstimulated conditions and some results stood out among others. Selective
hypersensitivity to clavulanic acid is not a probable explanation as the culprit
antibiotic did not contain clavulanic acid in two of three patients with the highest
IFN-y response to AMX-CL. Selective hypersensitivity to clavulanic acid is also
not as common in CZ as was recently reported in immediate hypersensitivity
patients by Torres et al. (2016) in Spain. More likely, some drugs are stronger
stimulators than others (Khalil et al., 2008) and differences may exist between
epitope availability in their particular forms. Further studies elucidating this issue
are needed.

Some authors have suggested increasing the sensitivity of ELISPOT by detecting
a wider range of cytokines, e.g. IFN-y plus IL-4, IL-5, IL-13 and granzyme B (Beeler
et al., 2006; Zawodniak et al., 2010; El-Ghaiesh et al., 2012; Polak et al., 2013;
Tanvarasethee et al., 2013; Mayorga et al., 2016). Protocol modifications regarding
the length of incubation, pre-treatment of PBMC with cytokines, monoclonal
antibodies or dendritic cells and other amplification strategies have been proposed.
A novel study by Kato et al. (2017) revealed improvement of IFN-y ELISPOT
sensitivity when PBMCs were stimulated by CD3/CD28 and IL-2 for 7 days.They
found 17 out of 20 samples positive by the modified ELISPOT, while only 4 out of
20 were positive by the conventional ELISPOT.

Sedlackova L.; Pricha M.; Polakova I.; Mikova B.
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ELISPOT is more sensitive to severe forms of hypersensitivity, e.g. in drug rash
with eosinophilia and systemic symptoms (DRESS), Stevens-Johnson syndrome (§JS)
or toxic epidermal necrolysis (TEN), in comparison to maculopapular exanthema
(Fu et al., 2012; Ben-Said et al., 2015). A recent study by Trubiano et al. (2017)
found 53% sensitivity for conventional IFN-y ELISPOT in antibiotic-associated
severe cutaneous adverse reactions (DRESS, SJS, TEN and acute generalized
exanthematous pustulosis), with a median 102 SFC/10 PBMC and interquartile
range (IQR) 71.46—147.3 in positive cases. Skin test sensitivity was 52% and the
combination of ST and ELISPOT allowed the identification of antibiotic causality in
79%.The benefit of ELISPOT was apparent, especially in acute samples from DRESS
patients and in glycopeptide-associated cases (vancomycin and teicoplanin). Our
patients did not experience severe manifestations. Our findings are in accordance
with those of Khalil et al. (2008), who reported only weak response (between
3 to 5 spots) in patients with maculopapular exanthema following amoxicillin using
IFN-y ELISPOT.

Fifteen of 24 patients completed the full examination necessary for final diagnosis.
We confirmed non-immediate hypersensitivity to amoxicillin or amoxicillin plus
clavulanic acid in 5 patients; in 4 by ST, in 1 by DPT (Table 1).We excluded non-
immediate hypersensitivity to amoxicillin plus clavulanic acid in 4 patients by ST and
DPT.We confirmed hypersensitivity to penicillin in 1 patient by ST and excluded
it in 5 patients by ST and DPT. No serious complications were recorded during
ST or DPT. Six patients had negative skin tests but refused or did not complete
provocation tests. IgE type sensitisation was recorded in 1 patient by specific IgE to
all four penicillins tested, its confirmation by ST or DPT was not performed. Thus,
our group of patients (A) consisted of 6 patients with confirmed non-immediate
hypersensitivity to AMX (1 AMX alone, 4 AMX and/or CL) or PNC (1), 1 patient
with immediate hypersensitivity to penicillin and aminopenicillins, 9 patients with
excluded hypersensitivity and 8 patients in which the final diagnosis was not
established.

We did not find any significant results with IFN-y ELISPOT using published
criteria under very similar conditions (Rozieres et al., 2009). Using softer evaluation
criteria with a combination of SI (>2) and delta values (>10 SFC/10° PBMC, higher
than our healthy subjects) would lead to 3 positive results with AMX-CL and zero
positive results with AMX alone or PNC. In patient No. 5, the AMX-CL result
(19.3 SFC/10° PBMC, SI 2.5) corresponded to DPT. In patient No. 20, the AMX-CL
result (21.4 SFC/10° PBMC, Sl 7.4) did not correspond to the reaction culprit
(PNC; PNC result was 1.3 SFC/10° PBMC, Sl 0.6) and hypersensitivity to both,
PNC and AMX-CL, was eventually excluded by DPT.The third potentially significant
result (patient No. 10; AMX-CL 10.6 SFC/10° PBMC, SI 5) remains unvalidated, as
the patient had negative ST but did not completed DPT. IFN-y ELISPOT did not
help to omit in vivo testing in any patient. The highest result (in patient No. 20)
even suggests a risk of false positivity if using more lenient criteria.

ELISPOT in Beta-lactam Allergy
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The present study has some limitations. The study design reflected the intended
use of IFN-y ELISPOT as a first-line test, so patient enrolment was based on clinical
suspicion and not on hypersensitivity confirmation by ST and DPT. Therefore,
the patient group was “diluted” by subjects without true hypersensitivity and the
number of definitively confirmed cases was small. The eight patients lost to follow
up reflect the common issue of poor compliance with complicated time-consuming
procedures and concerns about safety.We did not create our own cut-off values
for IFN-y ELISPOT evaluation. As normal data distribution was not shown, we
were unable to use mean +2 SD (standard deviation) to establish cut-off values
using assays incubated under unstimulated conditions. Moreover, due to the small
number of healthy participants in the present study, it would be inappropriate to
create cut-offs from antibiotic assays in these subjects.

We did not assess the exact sensitivity and specificity of the IFN-y ELISPOT
method for each antibiotic studied due to the small number of patients with a
final diagnosis. According to our findings, the sensitivity of the assay appears to be
much lower than the optimistic expectations based on the work of Rozieres et al.
(2009).With 1 potentially positive result in 6 confirmed hypersensitivity cases, we
may assume an approximate sensitivity to be less than 20% in mild non-immediate
hypersensitivity reactions to penicillin and amoxicillin using an assay with AMX-CL.
The failure of PNC and AMX alone requires further research focused on the
particular form of beta-lactam employed in the assay.

Conclusion

Our results did not support the utility of IFN-y ELISPOT in the diagnosis of mild
non-immediate hypersensitivity to amoxicillin and penicillin in daily practice. The
first-line diagnostic approach remains a combination of detailed history and in

vivo tests. Skin tests are the most useful tests for allergy confirmation. After ST
negativity or even without performing ST in mild childhood MPE (maculopapular
exanthema), the gold standard of drug allergy diagnosis is a drug provocation test.
DPT is considerably safe in non-severe non-immediate cases and it is the only test
able to exclude hypersensitivity. Possible benefits of in vitro tests including IFN-y
ELISPOT in more severe forms of non-immediate beta-lactam hypersensitivity
(DRESS, SJS, TEN) or in patients with contraindications to ST and DPT due to
comorbidities requires further research and validation. Sensitivity enhancement of
ELISPOT by protocol modification may be helpful.
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Abstract: The objectives of this study were to evaluate osseointegration of
dental implant in the jaw bone in the young and elderly population and comparing
the results to assess indicators and risk factors as age for the success or failure
of dental implants. A retrospective study of 107 implants (Impladent, LASAK,
Czech Republic) was prepared. The patients at implants surgery were divided in
three groups. The patients were followed-up for a 7-year period.VVe evaluated
osseointegration from long term point of view as a change of marginal bone
levels close to dental implant. Marginal bone levels were recorded and analysed
with regard to different patient- and implant-related factors. An influence of
chronological age on change of marginal bone levels during 6-year retrospective
study vas evaluated. The study examined 47 patient charts and 107 implants from
the Second Faculty of Medicine, Charles University and University Hospital Motol.
We proved that young healthy patients with long bridges or Branemarks have the
same progression of marginal bone levels changes. The chronological age hasn’t
therefore direct influence on the osseointegration from long term point of view.
But we found that the length of dental suprastrucure-prosthetic construction
negatively influences marginal bone changes, though these results weren’t
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statistically significant. More extensive dental implant suprastrucure undergoes
smaller osseointegration. On the other hand the length of dental suprastrucure
(prosthetic construction) negatively influences dental osseointegration in both
groups of patient.

Introduction

Osseointegration is seen as the close contact between bone and implant without
interposition of non-bone tissue (Albrektsson and Wennerberg, 2004). This
concept has been described by Branemark (1959, 1983) as consisting of a highly
differentiated tissue making a direct structural and functional connection between
ordered, living bone and the surface of a load-carrying implant. Osseointegration of
dental implant is influenced on i.e. dental implant surface, age of patient, size, shape
and extension of suprastrucure, general health condition, etc.

Various techniques of surfaces treatments have been studied and applied
to improve biological surface properties, which favour the mechanism of
osseointegration (Wong et al., 1995;Wennerberg and Albrektsson, 2010). This
strategy aims at promoting the mechanism of osseointegration with faster and
stronger bone formation, to confer better stability during the healing process, thus
allowing more rapid loading of the implant (Wennerberg and Albrektsson, 2009;
Beutner et al., 2010).

In our article we focused on the age of patient and extend of dental implant
suprastrucure as factors influencing bone level changes (osseointegration) during
the observed period. The use of dental implants in young patients is not limited, but
multidisciplinary treatment planning is directly connected with skeletal maturation.
It is evident that jaw growth is important for dental implants insertion. It is known
that more and more implants are placed in adolescents, especially after trauma or
anodontia.

By adolescent patients we can insert dental implant in the jaw bone only if the
growth and skeleton maturation is finished. If implant insertion is planned in a
growing child, we must accept the fact that osseointegration forms ankyloses and
implants do not follow the spontaneous and continues eruption of the natural
dentition (Papez et al., 2015). Similar to ankylosed teeth (Kawanami et al., 1999),
the implants remain stationary in the bone and do not follow changes of the
alveolar process with continuous eruption of the natural dentition (Oesterle et
al,, 1993; Cronin et al., 1994).This inability to move with adjacent teeth causes
deficiencies in the alveolar bone and surrounding gingival tissues and leads to a
discrepancy in the sagittal and transversal dimension, described as infraocclusion
or infraposition of the implant (Thilander et al., 1999). Such implants may also
disturb the normal development of jawbones. In order not to interfere with
the growth of the jawbones, the installation of an implant should generally be
postponed on average until after puberty or after the so-called growth spurt of
the child (Op Heij et al., 2003). Since changes in the dentoalveolar complex are

Papez |.; Dostalova T.; Chleborad K.; Kriz P; Strnad ).



Prague Medical Report /Vol. 119 (2018) No. 1, p. 43-51 45)

of particular importance for the functional/aesthetic outcome of implants, a study
by Iseri and Solow (1996) showed that between the ages of 15 and 25 years the
vertical tooth movement can amount to 5 mm — a distance difficult to span with
implants.

The follow-up study of dental implants in the upper adolescent region inserted
in adolescent patients, has shown that continuous eruption of the adjacent
teeth, even after completed dental and skeletal development, may end up in an
infraoccluded implant-supported crown (Thilander et al., 1999). For that reason
implant insertion in the anterior tooth area should be postponed until after
the completion of the 15 year of age in girls and the 17% year of age in boys,
and, therefore, it is necessary to evaluate the upper and lower jaw development.
It is known, that the biological indicators of skeletal maturity refer mainly to
somatic changes in puberty, thus emphasizing the strict interactions between
the development of the craniofacial region and the modifications in other body
regions (Baccetti et al., 2005). Individual skeletal maturity can be also assessed by
means of several biological indicators: increase in body height; skeletal maturation
of the hand and wrist; dental development and eruption; menarche or voice
changes; and cervical vertebral maturation (Thilander et al., 1999). For that reason
the identification of the pubertal growth spurt has great value in dentistry, mainly
in implant insertion area. The effectiveness of a biological indicator of skeletal
maturity is directly related to factors such as the ability to detect and predict
the growth spurt peak without the need for additional radiation exposure and
the high level of agreement between examiners for the definition of the stages
(Franchi and Baccetti, 2002). On the opposite site are older patients. Increasing
age is strongly associated with the risk of implant failure. Gender, hypertension,
coronary artery disease, pulmonary disease, steroid therapy, chemotherapy
and not being on hormone replacement therapy for postmenopausal women
were not associated with a significant increase in implant failure. Generalized
periodontal disease and/or severe periodontal disease negatively influenced the
survival probability of the implant (Compton et al., 2017). Smoking, diabetes, head
and neck radiation and postmenopausal estrogen therapy are correlated with a
significantly increased failure rate (Moy et al., 2005).

Material and Methods

A retrospective study of 107 implants 47 patients (20 men and 27 women)
(Impladent, LASAK, Czech Republic) was prepared. The patients at implants surgery
were divided in three groups: group 1 (young patients ranged 18-25 years of

age), group 2 (young patients ranged 18-25 years of age), group 3 (older patients
ranged 50—60 years of age). The difference between group 1 and 2 was in number
of implants and size of suprastrucure. Group 1 are young patients with short
suprastrucure that means maximum one bridge connected with two implants or
one implant with crown. Group 2 are young patients with extensive suprastrucure,

Dental Implant Osseointegration Influenced by Age
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more than two implants connected together with one suprastrucure. Group 3
are older patients with extensive suprastrucure, thus more than 2 implants in
one suprastrucure. Multidisciplinary therapy by the surgeon, orthodontist, as well
as prosthodontist before implant insertion was monitored. The patients were
followed-up for a 7-year period, thus time of dental implant installation was
minimal 7-year in all implants.

Patient selection

Subject for the study were selected from patients referred to the Department

of Stomatology, Second Faculty of Medicine, Charles University and University
Hospital Motol. The study was approved by the Ethics Committee of the University
Hospital Motol. Informed consent was obtained from all subjects and they were
consecutively enrolled in the study according to the predefined inclusion criteria:
absence of any local or systemic disease, perfect oral hygiene, non-smokers,
without any generalized periodontal disease or severe periodontal disease with
sufficient bone height for placing implants. If we inserted the implant in upper jaw
we used bone augmentation in all cases.

At the time of selection, patients included in this study showed good general
health. After receiving initial therapy including oral hygiene instruction, implantation
was performed only after patients had shown good self-performed plaque control.
In our study we use two types of implants (implants with sand-blasted surface
and implants with bioactive surface) whereas we always compare the same type
of implant. If augmentation was necessary (always in upper jaw) during or before
surgery we used augmentation material OssaBase®-HA (LASAK Ltd.), which is
based on synthetic hydroxyapatite.

Table 1 - Statistical analysis of marginal bone level

DIBm DIBd

group1 group2 group3 group1 group2 group 3

Average 0.155 0.046 -0.135 0.060 -0.006 -0.037
SD 0.424 0.628 1.041 0.445 0.450 0.592
Median 0.200 0.200 0.000 0.200 0.000 0.000
Max 0.700 1.300 1.300 0.600 0.900 1.400
Min -1.000 -1.900 —5.300 -1.000 -1.000 -2.000
Total number of implants 20.000 35.000 52.000 20.000 35.000 52.000
Bone level increase 16.000 26.000 32.000 15.000 21.000 32.000
Bone level decrease 4.000 9.000 20.000 5.000 14.000 20.000

Group 1 (young patients ranged 18-25 years of age); group 2 (young patients ranged 18-25 years of age with
extensive suprastrucure); group 3 (older patients ranged 50-60 years of age). The bone resorption DIB (distance
between implant-shoulder to bone-implant contact (Albrektsson et al., 1986) was measured in intraoral X-rays at the
both sides of implant (mesial DIBm and distal DIBd). SD — standard deviation
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Treatment procedure

Following the manufacturer’s directions, the fixtures were installed in a randomized
order at the edentulous area of each patient. Individual skeletal maturity was
checked using skeletal maturation of the hand and wrist by adolescent/young
adult patients. In upper jaw we always used bone augmentation. After a healing
period of 3 months in the mandible and 6 months in the maxilla, second surgery
was performed followed after three weeks by prosthesis delivery. The implants
were always inserted in bone level not submerged. During the implant insertion
we used the same protocol of implantation. The CAD-CAM technique Zircon
Zahn (Prettau® Zirconia, ZirconZahn Gmbhc) and BioCam (LASAK) were used
to establish a supra-construction. The patients were recalled every 6 months for
through professional plaque control and repeated oral hygiene training. In total,
107 implants (Impladent) were installed (Table 1).

Follow-up parameters

Clinical examination was conducted every 6 months. An intra-oral digital
radiographs (Gendex EXPERT® DC with VistaScan Mini image plate scanner) for
each patient were taken from 1 to 7-year follow-ups. The following clinical variables
were recorded: pain from implant regions; implant stability; gingival inflammation;
suprastrucure complications; photo and radiographic examination. A periapical
digital radiograph (Gendex EXPERT® DC with VistaScan Mini image plate scanner)
was taken using the parallel cone technique.We compared bone level in two
periods, after fixation of final suprastructure on dental implant and after seven
years from implant insertion in the bone. Preventive clinical examination followed-
up regularly.

Marginal bone-level changes

During our study we focused on marginal bone-level change thus on resorption of
the marginal bone around the implant on the intraoral X-rays. The bone resorption
DIB (distance between implant-shoulder to bone-implant contact) (Albrektsson et
al., 1986) was measured on intraoral X-rays on the both sides of implant (mesial
DIBm and distal DIBd) (Figure 1), results were calculated in millimetres with
decimal point (e.g. 0.6 mm). Calibration was performed with the known length of
the fixture. The reference point was the margin of the fixture in cervical part of
dental implant. The measurement was done with an accuracy of half a millimetre.
Final value DIB was the average DIBm a DIBd, The marginal bone increase for each
type of implant was calculated using calibration of radiograph according to length
of dental implant (Figure 1). Because we always used the same holder of X-ray
sensor and periapical digital radiograph (Gendex EXPERT® DC with VistaScan

Mini image plate scanner) with using the parallel cone technique we could set the
calibration for all patients and their X-rays.We performed measurements on two
sides of dental implants, precisely on mesial and distal aspect of implants; all results

Dental Implant Osseointegration Influenced by Age
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Figure 1 —The marginal bone increase (A — after therapy; B — 5 year recall).

were written in table and subsequently statistically evaluated. The parametric tests
(two-sample t-test, Fisher test) and significance level 0.05 were used for statistical
evaluation.

Results

Clinical examination

No remarkable complications were found during the observation period, no
patients suffered from pain, no mobility on implants were detected, and also there
were no prosthetic complications.

As is written above, all measured data were statistically evaluated (Tables 1-3).

From the results we concluded, that young and elderly healthy patients with
the same number of implants have the same progression of dental implant
osseointegration that means that marginal bone level changes were during the
retrospective study equal without statistically significant difference, probability less
than 0.05 wasn’t reached.

On the other hand the length of dental suprastrucure (prosthetic construction)
negatively influences dental osseointegration in both groups of patient even if the
result isn’t statistically significant. More extensive dental implant suprastrucure
brings about a higher loss of marginal bone level during the time period.
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Table 2 - Average values which were determined as follows

DIBm DIBd DIB
Group 1 mean 0.40 0.28 0.30
P SD 0.19 0.30 0.20

Group 2 mean 0.29 0.16 0.21
P sD 0.56 0.39 0.41
Group 3 mean 0.62 0.57 0.48
P SD 0.36 0.53 0.38

For each person in the group the maximal value was found (Mes., Dist., Mes.+Dist.). From these maximal values
averages for each group were calculated. DIB — distance between implant-shoulder to bone-implant contact;
SD — standard deviation

Table 3 - The test of statistical significance was carried out for the
differences of average values (Table 2)

DIBm DIBd DiB
1vs.3 0.141 0.189 0.242
1vs.2 0.613 0.491 0.589
2vs.3 0.128 0.037 0.119
1+2 vs. 3 0.101 0.028 0.097

Statistically significant difference (probability less than 0.05) between the group 2 and 3 (0.037), and related groups
1+2 and 3 (0.028). DIB — distance between implant-shoulder to bone-implant contact

Discussion

Osseointegration of dental implants was defined as the direct, structural, and
functional connection between the vital bone and the implant surface under a
functional load (Branemark et al., 1977). Albrektsson et al. (1981) used the new
definition that osseointegration is bone tissue formation with no fibrotic layer
growth at the bone-implant interface as primarily a biomechanical union. It is a
firm, stable, and long-lasting connection between the implant and periimplant bone
tissue (Schenk and Buser, 1998).

It is known that congenital partial anodontia and traumatic tooth loss are
frequently encountered in pediatric patients. Periodontitis disease or extensive
caries are frequently the cause of tooth loss in older patients. Oral rehabilitation
in young patient is safe and successful after skeletal and dental maturation.
Successful replacement of the lost natural teeth by dental implants is a major
advance in clinical dental treatment. The basis of these successful long-term results
of endosseous implants depend mainly on the length of the suprastrucure.The
radiographic image was the most important source of information for determining
the amount of cervical alveolar bone loss or increase around dental implants
(Mishra et al., 2013). Relations were evaluated between marginal bone loss around
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implants and the level of the first thread with other systems after 12 months
(Kopecka and Simtinek, 2015). The retrospective study “The success rate of dental
implants in elderly” compares the success rate of implants in the edentulous lower
jaw in elderly and younger patients. The principal finding of this study was that the
long-term success rate of the implants in elderly patients was not lower than that
of you with younger patients (Albrektsson et al., 1986). In our article we confirmed
that young healthy patient and old healthy patient with the same length of
suprastrucure have the same progression of marginal bone loss thus chronological
age hasn’t direct influence on dental implant osseointegration.

Implants are an alternative to orthodontic space closure, auto transplantation,
and conventional prosthetic replacement (Schrotenboer et al., 2008). Implant-
supported CAD CAM crowns achieved the best possible long-term result from
an aesthetic point of view, and with the least possible distress and suffering for
the patient (Behr et al., 2008). Our contribution confirmed the fact that an age is
not the decisive factor for implant placement. Only a dental stage indicating fully
erupted permanent teeth and skeletal maturation protects dental rehabilitation
against infraocclusion of the implant-supported crown.

Conclusion

Osseointegration is necessary for successful dental implant insertion in the jaw
bone and ensures the stability of dental implant from long term point of view.

As we know from our results when we compare healthy young and healthy old
patients the marginal bone loss in the mentioned groups does not show statistically
significant differences.

The length of dental suprastrucure-prosthetic construction negatively influences
dental osseointegration; more precisely it can progressively change the alveolar
bone around the implant during the observed time period. More extensive dental
implant suprastrucure has a negative influence on the marginal bone levels.
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Abstract: Head injury is one of the leading causes of mortality and morbidity at
all ages and may develop into intracranial haemorrhage and increasing intracranial
pressure. Pre-assessment must be conducted to head injury patients to decide
the treatment plan. The aim of this study was to compare Revised Trauma Score
(RTS) based on intracranial haemorrhage volume among head injury patients. This
study was an analytic study with cross-sectional design where 31 patients were
studied. The admission RTS and patients’ status data were obtained from medical
records at Dr. Abdul Aziz General Hospital, Singkawang, Indonesia and intracranial
haemorrhage volume data were obtained from the head CT-scan.The data were
analysed by Mann-Whitney U-test. The admission Revised Trauma Score rates were
significantly different (95% ClI, p=0.006) by intracranial haemorrhage volume which
the RTS rate of less intracranial haemorrhage volume group was 11.40 + 0.74 and
the RTS rate of greater intracranial haemorrhage volume group was 10.13 + 1.54.
The greater intracranial haemorrhage volume showed the lower RTS value which
means the worse physiological condition.
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Introduction

Head injury is one of the leading causes of mortality and morbidity at all

ages. Head injury can cause death and disability which could have permanent
consequences, such as cognitive disorder, memory disorder, motor and sensory
function disorder (Faul et al., 2010; Kumar and Mahapatra, 2012). Most of the head
injury cases occur at the productive age, at the age of 15-24 years (Abelson-
Mitchell, 2013). Head injury incidence in Indonesia is relatively high as a result of
traffic accidents which were 19.6% (Riyadina et al., 2009). The number of fatalities
by traffic accidents in West Kalimantan were 560 people in 2013, 550 people in
2014 and 470 people in 2015 (Badan Pusat Statistik Provinsi Kalimantan Barat,
2015).

The volume of the intracranial cavity cannot change so that at a certain point,
the increased intracranial haemorrhage volume is not compensated, and the
intracranial pressure rises (Monro-Kellie doctrine) (Elliot and Smith, 2010).
Intracranial pressure will compress and compromise brain tissue that can lead to
neurological deficits, loss of consciousness, potentially leading to herniation and
death (Broderick et al., 2007). Under these conditions, emergency treatment for
head injury should be done quickly and accurately by using triage in the Emergency
Room.To decide for the triage, an objective assessment such as Revised Trauma
Score may be used (RTS). RTS is a physiological scoring system that is used to
determine the severity of the injury. Parameters used to assess RTS are Glasgow
Coma Scale (GCS), systolic blood pressure and respiratory rate (Table 1). RTS has
a range of values from 0 to 12 with four categorizations, such as delayed if the
score is 12, urgent if the score is 11, immediate if the score is 3-10 and declared
dead if the score is 0—3 (Rowland and Pedley, 2010; Algarni et al., 2011; Sundstrem
et al, 2012; Orhon et al., 2014).

RTS is an assessment that can be used to determine the action in emergency
cases, including head injury with intracranial haemorrhage, so the planning
diagnoses and therapy could be held properly (Algarni et al.,2011; Orhon et al.,
2014). Research on the relationship between the intracranial haemorrhage volume
and RTS in cases of head injury has not been frequently studied before.The

Table 1 - Scoring system of Revised Trauma Score

GCS Systolic blood pressure (mm Hg)  Respiratory rate (per minute) Scoring
13-15 >89 10-29 4
9-12 76-89 >29 3
6-8 50-75 69 2
4-5 149 1-5 1
3 0 0 0

GCS — Glasgow Coma Scale

RTS and Intracranial Haemorrhage Volume



54)  Prague Medical Report / Vol. 119 (2018) No. 1, p. 52-60

purpose of this study was to compare the value of the admission RTS based on the
intracranial haemorrhage volume among head injury patients.

Material and Methods

This study used a cross-sectional design. The independent variable was intracranial
haemorrhage volume with ordinal scale which was divided into two groups,

such as greater and less intracranial haemorrhage volume. Greater intracranial
haemorrhage volume was defined as epidural or intra-cerebral haemorrhage

2 30 ml or subdural haemorrhage 2 10 mm.The less intracranial haemorrhage
volume was defined as epidural (EDH) or intra-cerebral haemorrhage (ICH)

< 30 ml or subdural haemorrhage (SDH) < 10 mm.The dependent variable was the
admission RTS with numerical scale. The parameters of RTS are GCS, systolic blood
pressure and respiratory rate with the total range from 0-12 (Table 1). There

were 31 subjects in this study. The admission RTS and status data of subjects were
obtained from the medical records in Dr. Abdul Aziz General Hospital, Singkawang,
Indonesia. Intracranial haemorrhage volume data were obtained from the head
CT-scan. Data analysis was performed to test the normality and homogeneity
followed by the Mann-Whitney U-test. The intracranial haemorrhage volume

and outcome (Glasgow Outcome Scale) of the subjects were also analysed with
correlation Spearman test to support the result of this study. This study received
legal/ethical approval from Dr.Abdul Aziz General Hospital, Singkawang, Indonesia.

Results
The mean age of the subjects was 31.81 + 13.11 years, the youngest was
11-year-old and the oldest was 58-year-old. Most of the subject ages were
11-18 years and 35—42 years which were 25.8% for each. Most of the subjects
were male (22 people; 71.0%). Among the head injury causes traffic accidents were
27 people (87.1%); downfalls 2 people (6.4%) and got punched 2 people (6.4%).
A total of 51.6% of the subjects had the greater intracranial haemorrhage volume
and most of the subjects were diagnosed as moderate head injury (Table 2).

The mean value of the admission GCS in this study was 10.58 + 3.37, with a
range of values from 3 to 15. Majority of the admission GCS values were 7 (mild

Table 2 - Subjects’ diagnoses

Diagnoses Frequency Percentage (%)
Mild head injury 9 29.0
Moderate head injury 13 42.0
Severe head injury 9 29.0
Total 31 100.0

Tito A.; Saragih S. G. R.; Natalia D.
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Table 3 - Surgical intervention and Glasgow Outcome Scale
of the subjects (GOS)

Subject  Type of lesion Surgical in- Indication of surgical ~ GCS* RTS* GOS
tervention intervention
1 ICH + contusion craniotomy volume of intracranial 7 10 death
haemorrhage > 30 ml

2 ICH + subarachnoid craniotomy midline shift > 0.5 cm 13 12 death
haemorrhage
+ brain oedema

3 EDH + ICH craniotomy volume of intracranial 7 8 death
diastases fracture haemorrhage > 30 ml;

midline shift > 0.5 cm

4 ICH + bifrontal craniotomy volume of intracranial 11 11 death
contusion haemorrhage > 30 ml
5 EDH craniotomy volume of intracranial 7 10  moderate
haemorrhage > 30 ml disability
6 EDH + diastases craniotomy volume of intracranial 11 11 low
fracture haemorrhage > 30 ml disability
7 ICH + SDH craniotomy volume of intracranial 15 12 low
+ contusion haemorrhage = 30 ml; disability
+ brain oedema midline shift > 0.5 cm
8 bihemisphere craniotomy volume of intracranial 7 10 death
ICH + contusion haemorrhage > 30 ml
9 temporal EDH craniotomy volume of intracranial 10 11 moderate
haemorrhage > 30 ml disability
10 ICH + bifrontal craniotomy depressed fracture 12 11 low
contusion + > 1 tabula; disability
depressed fracture open fracture

of frontal sinus

1" SDH craniotomy lesion’s thickness 7 10  death
> 10 mm

GCS — Glasgow Coma Scale; RTS — Revised Trauma Score; ICH — intra-cerebral haemorrhage; EDH — epidural
haemorrhage; SDH — subdural haemorrhage; *GCS and RTS of the subjects were evaluated at admission

Table 4 - The outcomes of subjects with conservative treatment

Revised Glasgow Outcome Scale

Trauma death persistent severe moderate low
Score vegetative state disability disability disability
12 (delayed) 0 0 0 3 4

11 (urgent) 3 1 1 0 4
3-10 (immediate) 1 1 1 0 1
Total 4 2 2 3 9

RTS and Intracranial Haemorrhage Volume
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Table 5 - Comparison of Revised Trauma Score (RTS) at admission to
the emergency unit to intracranial haemorrhage volume of the subjects

Intracranial haemorrhage Less volume Greater volume Total
volume/RTS

12 (delayed) 8 1 9
11 (urgent) 5 8 13
3-10 (immediate) 2 7 9
Total 15 16 31

coma) and 12 (somnolence) which was 19.4% for each.The mean systolic blood
pressure of the subjects was 116.77 £+ 28.56 mm Hg, majority of them had

110 mm Hg (normal blood pressure). The mean respiratory rate of the subjects
was 22.03 + 3.45 times per minute with the most value was 20 times per minute
(normal range). The mean value of subjects’ RTS at admission to the emergency
unit was 10.74 + 1.37 with the most value was 11 (urgent).

There were some subjects in this study who underwent surgical intervention
(35.48%) by a neurosurgeon team (Table 3). The outcomes of the subjects were
evaluated by the neurosurgeon team where 32.26% were dead and 38.71%
were alive with low disability among the subjects with surgical intervention and
conservative treatment (Tables 3 and 4). In most of the death cases the immediate
category of RTS preceded at admission.

Comparative analysis of RTS based on intracranial haemorrhage volume of
the subjects was bivariate analysis. This study used statistical analysis Mann-
Whitney U-test and showed the value of p=0.006 (p<0.05) which meant there
was significant difference of RTS at admission to the emergency unit based on
intracranial haemorrhage volume (Table 5). The mean of RTS in less intracranial
haemorrhage volume was 11.40 + 0.74, while the mean of RTS in greater
intracranial haemorrhage volume was 10.13 + 1.54.The intracranial haemorrhage
volume had strong correlation (p=0.000) to the outcome of the subjects in this
study where the greater intracranial haemorrhage volume had the worse outcome.

Discussion

Head injury is caused by a collision of the head with another subject, directly or
indirectly that may occur abruptly or continuously and by the force of acceleration,
deceleration and angulation that can be caused by several aetiologies such as traffic
accidents, falls, being hit and so on. Head injury can result in injury to the brain
tissue and intracranial haemorrhage such as epidural, subdural, subarachnoid, intra-
cerebral and intra-ventricular. Head injury may affect the physical, physiological,
cognitive, emotional and social features of an individual (Rowland and Pedley, 2010;
Kumar and Mahapatra, 2012; Abelson-Mitchell, 2013).

Tito A.; Saragih S. G. R.; Natalia D.
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Intracranial haemorrhage by the head injury may lead to secondary brain injury
such as space occupying lesion, hypoxia and hemodynamic disturbance which
can cause brain damage (Peterson and Scardiglia, 2008; Abelson-Mitchell, 2013;
Takahashi et al., 2015). Epidural and intra-cerebral haemorrhage of the volume
2 30 ml and subdural haemorrhage 2 10 mm is an indication to evacuation of
haemorrhage because it might increase intracranial pressure and become fatal with
the herniation of the brain tissue (Sundstrem et al., 2012; Sherer and Sander; 2014).

Surgical intervention could be undertaken after the evaluation of some
variables beside intracranial haemorrhage volume, such as the severity of trauma
and prognosis; intracranial pressure; and complications. The indications were
evaluated by considering the purpose of surgical intervention in traumatic brain
injury, such as to reduce mortality and to improve neurologic outcomes in
patients (Carney et al., 2016). In this study, there 35.48% of the subjects were
operated by neurosurgeon team after considering the subjects’ conditions, such
as intracranial haemorrhage volume, type of lesions, severity of trauma, prognosis
and complications. There were two subjects with delayed category of RTS with
secondary brain injury, brain oedema, and greater intracranial haemorrhage volume
who were operated for decompression of intracranial pressure. But, most of the
surgical interventions were done in subjects with immediate category of RTS,
low value of RTS, due to the greater intracranial haemorrhage volume to be
evacuated and lesion’s thickness of subdural haemorrhage = 10 mm. Some of the
subjects with low value of RTS were not operated and got conservative treatment

Figure 1 — Subject’s head CT-scan section samples (A — female, 53-years-old, RTS 6, greater intracranial
haemorrhage volume, outcome: death < 24 hours; B — male, 32-years-old, RTS 12, less intracranial haemorrhage
volume, outcome: alive; C — male, 20-years-old, RTS 11, greater intracranial haemorrhage volume, outcome: death
in 3 days; D — male, 40-years-old, RTS 11, less intracranial haemorrhage volume, outcome: death in 8 days).

RTS and Intracranial Haemorrhage Volume
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by considering the purpose and the availability of the subjects to get surgical
intervention due to the prognosis.

The result in this study showed that there was a significant difference of RTS
at admission to the emergency unit based on intracranial haemorrhage volume.
The result indicates conformity with the theory.The higher RTS value indicates a
better physiological state. So the less was the intracranial haemorrhage volume, the
better patient’s physiological state with higher RTS.While the greater intracranial
haemorrhage volume was, the worse was the patient’s physiological state with
lower RTS. In statistical analysing, this study also showed that there was a strong
correlation between intracranial haemorrhage volume and outcome of the subjects
where the greater intracranial haemorrhage volume was followed by the worse
outcome. This result might support the use of RTS in clinical practice, especially in
traumatic cases such as head injury.

Brain injury as a result of intracranial haemorrhage can cause cortical and
subcortical damage which can cause disruption of the autonomic nervous system
which is important to physiological functions such as the regulation of breathing,
blood pressure, and the complex system of consciousness (Sherer and Sander,
2014; Takahashi et al., 2015). Hypothalamus has an important role in controlling
the autonomic nervous system. Hypothalamus receives input from the cortex and
transmits the signals to the brain stem and spinal cord as autonomic nerve signals
which are transmitted to the peripheral nervous system and organs. Injury to the
brain tissue can disrupt the system. Disruption of hemodynamic and intracranial
pressure can cause secondary brain injury and may affect the hypothalamus in
its role of producing catecholamine locally or systemically and the regulation of
parasympathetic system which may disrupts blood pressure and respiratory system.
Thus, a head injury with intracranial haemorrhage may impair the blood pressure,
respiratory rate and consciousness (Martins et al., 2009; American College of
Surgeons, 2012; Berry et al., 2012; Lee and Rincon, 2012; Takahashi et al.,

2015).

That physiological state can be assessed objectively by RTS with the assessment
of GCS, systolic blood pressure and respiratory rate, which are regulated by the
autonomic nervous system that may be affected by intracranial haemorrhage
volume of head injury (Alqarni et al., 2011; Orhon et al., 2014; Mohyuddin et al.,
2015; Takahashi et al., 2015).

As showed in Figure 1, majority of subjects in this study had the lower RTS at
admission to the emergency unit with the greater intracranial haemorrhage volume
and the higher RTS with less intracranial haemorrhage volume as the patients A
and B.The significancy had been proofed by statistical analysis. However, in some
subjects, e.g. patient C, RTS at admission could not always predict the intracranial
haemorrhage volume. In the case of patient C, the RTS was quite high (RTS 11,
urgent), but the head CT-scan showed the greater intracranial haemorrhage
volume.Those conditions could happened due to several factors such as the
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time of RTS evaluation, location of intracranial haemorrhage, age of the subjects,
complications and other internal and external factors that may influence the
physiological condition of the subjects. In this study, we could not control the time
of RTS evaluation from the injury variable. The serial evaluation should be held in
any emergency cases such as head injury to monitor the current condition and
complications such as cerebral oedema, herniation and any deteroriation of the
patient. In some cases, a patient may have the higher RTS at admission and less
intracranial haemorrhage volume but with a poor outcome (patient D). As much
as 32.26% of the subjects were dead and the others were alive with persistent
vegetative state and disability. The outcomes were evaluated by the neurosurgeon
team with Glasgow Outcome Scale. There was a subject with high RTS value (RTS
12, delayed) at admission and with less intracranial haemorrhage volume at early
head CT-scan examination but the following outcome was poor, death, due to
brain oedema as the complication of brain injury which increased the intracranial
pressure and resulted in herniation.

Conclusion

There was significant difference of RTS at admission to the emergency unit based
on intracranial haemorrhage volume among head injury patients. The greater
intracranial haemorrhage volume was accompanied with lower RTS value which
means more detrimental physiological condition.
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Abstract: The aim of this study was to recognize the identity and frequency of
etiologic agents of the pertussis-like syndrome in children < 2 years of age. A
cross-sectional hospital-based study conducted from August 2014 to August 2015.
All children < 2 years of age (n=100) who were suspected as pertussis infected
were enrolled in this study and tested for Bordetella pertussis, adenovirus (Adv),
respiratory syncytial virus (RSV), human metapneumovirus (hMPV), and influenza
virus A (INF-A) by real-time PCR technique. RSV was the most detected pathogen
(20%), followed by B. pertussis (18%), Adv (16%), INF-A (11%), and hMPV (10%).
Co-infection was observed in 8 patients (11%) and the combinations of RSV/INF-A
(n=3, 4%), and AdV/B. pertussis (n=3, 4%) were more frequent. RSV, B. pertussis, and
hMPV were more frequent pathogens among infants < 4 months of age. However,
Adv and INF-A were more frequent pathogens among children > 6 months of age.
In this study, RSV was the most frequent identified pathogen (n=20, 20%), followed
by B. pertussis (=18, 18%) and AdV (n=16, 16%). Pertussis was more frequent in
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spring (8%) and summer (6%). In addition, clinical symptoms of pertussis were
the same as some viral pathogens, which can lead to misdiagnosis of infection.
Therefore, diagnosis of pertussis should be established on the bases of both the
clinical symptoms and the laboratory methods.

Introduction
Bordetella pertussis is a fastidious gram-negative coccobacillus bacterium that
causes pertussis (whooping cough), an acute infection of the respiratory tract in
humans (Castillo et al., 2015; Pavic-Espinoza et al., 2015). Pertussis is one of the
top ten fatal infections in children (Haghighi et al., 2014). Although it is a vaccine-
preventable disease, a considerable number of pertussis cases are yet recorded
(Nunes et al.,, 2016). According to the World Health Organization (WHO),
approximately 50 million cases of pertussis occur each year, which results in
300 000 deaths (World Health Organization, 2016). Infants < 2 months are more
susceptible to pertussis complications since they did not receive the pertussis
vaccines (Nunes et al., 2016). The infant mortality rate of pertussis in developing
countries is about 4% (World Health Organization, 2016). The well-known
symptoms of pertussis defined as repeated paroxysmal cough, inspiratory whoop,
and post-cough vomiting (Shojaei et al., 2014). The atypical milder infection can
develop in persons with the prepared immune system either by vaccination or
previous infection (Nunes et al.,, 2016).

Co-infections with respiratory viruses such as respiratory syncytial virus
(RSV), rhinovirus/enterovirus, adenovirus (Adv), influenza virus (INF), and human
metapneumovirus (hMPV) frequently occur in infants with pertussis infection
(Dube et al., 2016; Nicolai et al., 2016). The clinical manifestations of these
viral infections are indistinguishable from pertussis (Pavic-Espinoza et al., 2015);
therefore, diagnosis of pertussis infection cannot be done only by clinical symptoms
and should be confirmed by laboratory tests (del Valle-Mendoza et al.,, 2015).
Real-time PCR is a rapid and sensitive technique that can be employed for fast
detection of B. pertussis in order to disrupt its transmission and initiate appropriate
therapy (Nikbin et al., 2013).

In this study, we aimed to recognize the identity and frequency of etiologic
agents of the pertussis-like syndrome in children < 2 years of age who admitted to
Children’s Medical Center (CMC) Hospital.

Material and Methods

Study design and population

This was a cross-sectional hospital-based study designed to recognize the identity
and frequency of etiologic agents of the pertussis-like syndrome in all children

< 2 years of age who were suspected to pertussis and admitted to CMC Hospital
between August 2014 and August 2015. CMC Hospital is a tertiary referral
children’s hospital that is located in Tehran, the capital city of Iran.
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Detailed demographic and clinical data such as age, gender, pertussis vaccination
status, previous antibiotic consumption, history of pertussis in the family, and
clinical symptoms were obtained from questionnaires that were answered by
patient’s parents and from medical records. Children who met some of the
WHO clinical case criteria for pertussis — i.e. cases with a cough more than
two weeks with at least one of the following symptoms: paroxysm of a cough
(many, rapid coughs followed by a high-pitched “whoop” sound); or inspiratory
whoop (a forceful inspiration of air through a narrow glottis, usually developing
after a paroxysmal cough); or vomiting after a cough; or apnea (long cessation
of breathing) (with or without cyanosis (blue/purplish skin coloration due to
lack of oxygen)) were included into the study (Shojaei et al., 2014; World Health
Organization, 2016).

Ethical statement

This study was permitted by the Ethical Committee of the Research Center for
Pediatric Infectious Diseases in Tehran University of Medical Sciences.Written
informed consent was obtained from parents of all children.

Sample collection

For each patient, one Dacron swab was obtained from the posterior part of the
nasopharynx and inoculated onto the 1 ml of sterile normal saline (0.9% W/V NaCl
solution). All specimens were transported at room temperature within 1-2 hours
to the microbiology laboratory of the Research Center for Pediatric Infectious
Diseases at CMC Hospital and stored at —70 °C.

TagMan real-time PCR

A TagMan real-time PCR assay was applied to detect the identity of pathogens.
For each specimen, both RNA and DNA were extracted from the elution liquid of
swabs, using the Mag]ET viral DNA and RNA purification kit (Thermo Scientific'™,
USA) and RTP bacteria DNA mini kit (STRATEC Biomedical AG, Germany)
according to the manufacturer’s protocols. In the case of RNA samples, a random-
primed reverse transcription reaction was performed using the RevertAid reverse
transcriptase kit (Thermo scientific™, USA) and cDNA was synthesized according
to the manufacturer’s instructions. The real-time PCR was performed based on the
protocols of Ady, RSV, INF-A, hMPV and B. pertussis real-time PCR kits (Liferriver
biotech, USA). An ABI step one real-time PCR system (Applied Biosystems, Foster
City, California, USA) was used for this purpose.

Results

Study population

During the study period, a total of 100 children < 2 years of age (mean age

5.5 months) presenting some of the symptoms of pertussis such as a paroxysmal
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Table 1 — General and clinical characteristics of the patients

Characteristics Frequency (%)
Gender Male 56
Female 44
Age 0-2 month 34
2—4 month 30
4—6 month 12
6—-18 month 20
= 18 month 4
Pertussis vaccination Yes 66
Contact with pertussis patients Yes 68
History of antibiotic consumption Yes 80
Clinical symptoms Paroxysmal cough 100
Cyanosis 44
Vomits 52
Apnea 30

cough, or post-tussive vomiting, or cyanosis, or apnea were included in the study.
Demographics and clinical characteristics of the patients are summarized in Table 1.
Fifty-six percent of cases were male, and 44% were female. Thirty-four percent of
the patients were in the age group of 0 to 2 months and did not receive any doses
of pertussis vaccine.The other remaining 66% of patients received doses of DTwP
vaccine according to their age groups. Eighty percent of the children had a history
of antibiotic consumption.A paroxysmal cough was the main complaint of patients
and was observed in all cases. The duration of coughing varied from 6 to 30 days
(mean duration 8.4 £ 3.9 days).The frequency of apnea was lower than other
symptoms (30%).

TagMan real-time PCR

From the 100 nasopharyngeal swabs tested by real-time PCR, 75% were positive
for the presence of bacterial or viral nucleic acids. Among the detected pathogens,
RSV showed the highest frequency (20%), followed by B. pertussis (18%), AdV (16%),
INF-A (11%), and hMPV (10%). A dual infection was observed in 8 patients (11%),
with combinations of RSV/INF-A (n=3, 4%), and AdV/B. pertussis (n=3, 4%) being
more frequent, followed by RSV/B. pertussis (n=1, 1%) and AdV/RSV (n=1, 1%). One
patient (1%) had a triple infection (AdV/RSV/B. pertussis). No simultaneous infection
with hMPV was detected. In 25% of cases, no etiologic agent identified. Most cases
of pertussis were observed during spring (n=8, 8%), followed by summer (n=6, 6%),
autumn (n=1, 1%), and winter (n=3, 3%).
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Discussion

Although a paroxysmal cough is regarded as the most important classical symptom
of pertussis and is used for pertussis clinical case definition by WHO and center
for disease control and prevention (van den Brink et al., 2014), results of this
study demonstrated that it is not a specific symptom for pertussis and of the

100 suspected cases of pertussis, only 18% were correctly predicted by this
criterion. In addition, other symptoms were non-specific to pertussis and they
were also observed in some children with viral respiratory infections. In agreement
with this study, other reports have emphasized on the lack of specificity of these
classical symptoms (Shojaei et al., 2014; van den Brink et al., 2014;Vittucci et al.,
2016).

If pertussis diagnosis is based only on the clinical manifestations, atypical and
mild infections would be unrecognized (van den Brink et al., 2014) especially in
vaccinated children that show mild or less severe infection (van den Brink et al.,
2014); or other respiratory infections can be confused with pertussis (Shojaei et al.,
2014).This can lead to the consecutive spreading of the pathogen in the population
and increases the danger of hospital outbreaks (van den Brink et al., 2014;Vittucci
et al., 2016). The identification of pertussis cases should not be based only on the
clinical symptoms (Cherry et al., 2012; van den Brink et al., 2014), and laboratory
techniques such as real-time-PCR should be used as complementary diagnostic
methods.

In this study, B. pertussis was detected only in 18% of suspected cases. In the
study conducted by Hajia et al. (2012) from Tehran, Iran, 12 out of 138 children
< 6 months (9%) were positive for B. pertussis, which was lower compared to the
current result. Castillo et al. (2015) from Peru reported an incidence of pertussis
as high as 40% in patients younger than one year admitted to five hospitals in Lima,
Peru, which was higher than the rate of this study. Discrepancies observed among
the pertussis frequency could be due to the different studied age ranges, different
utilized diagnostic methods that have diverse sensitivity and specificity, and different
vaccination coverage in various areas.

As noted, 80% of patients had used antibiotics before sampling that can cause
false-negative results. However, since in the current study identification of the
causative agents of the pertussis-like syndrome was performed by real-time
PCR method, application of antibiotics could not affect the results. The rapid
detection of etiologic agents of the pertussis-like syndrome plays an important
role in stopping irrational antibiotic usage and adopting the correct therapeutic
approaches.

Whooping cough vaccination program in Iran consists of three doses of DTwP
vaccine (diphtheria and tetanus toxoid in combination with whole-cell pertussis)
at the second, 4™ and 6™ months of life. Booster doses are given at 18 months
and at 4 to 6 years of age (Sedaghat et al., 2014). In the current study, 89% (n=16)
of pertussis cases were observed in the age group 0 to 6-month that were not
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fully immunized and received only the three initial doses of DTwP vaccine. Some
studies demonstrated that based on the efficiency of vaccine used, the infection
can develop soon after the vaccination (van den Brink et al,, 2014). Due to the
waning efficacy of pertussis vaccine, adults play a significant role in the transmission
of disease to the young infants (Sedighi and Sadrosadat, 2015). Therefore, some
strategies are suggested for protection of unimmunized young infants, including
revaccination of juveniles and adults with DTaP vaccine (acellular pertussis vaccine)
to prevent household spread of infection, immunization of pregnant women during
the third trimester of gestation that leads to the transfer of maternal anti-pertussis
antibodies to the fetus to grant protection of newborns from pertussis prior their
vaccination (Sedighi and Sadrosadat, 2015;Vittucci et al., 2016). Since whole-cell
pertussis vaccine is not suggested for adults; and there is no access to acellular
vaccine in lIran, it is recommended to introduce this type of vaccine into the Iranian
national vaccination schedule (Sedighi and Sadrosadat, 2015).

In this research, RSV was the most prominent respiratory pathogen and was
identified in 20% of the cases. In the previous study conducted at CMC Hospital
(Pourakbari et al., 2014), RSV was the most prevalent viral pathogen (17.2%)
isolated from nasopharyngeal aspirates of children < 5 years. According to the
results, it can be stated that RSV is the principal cause of acute respiratory infection
in children (Parsania et al., 2016); and further studies are required to determine the
prevalence and genotype distribution of RSV in Iran (Salimi et al., 2016).

In this study, Adv and INF-A were detected in 16% and 11% of the patients,
respectively. In the previous study carried out in CMC Hospital (Pourakbari et al.,
2014), Adv and INF-A showed the same frequencies (3.4%) and was lower than the
rates of this study. In the study conducted by Naghipour et al. (2007) from Gilan,
Iran, all the children < 5 years of age attending the out-patient clinics and those
admitted to the hospital wards were tested; and Adv and INF-A was identified in
14% and 4% of cases, respectively. In the study performed by Moattari et al. (2015)
from Shiraz, Iran, nasopharyngeal swabs of 435 hospitalized children under 5 years
of age were evaluated and 22% of patients were positive for Adv, which was higher
than the rates of this study.

In this report, 10% of patients were positive for hMPV. Sanaei Dashti et al.

(2016) from Shiraz, Iran, investigated 200 children under 12 years of age with
upper respiratory tract complaints referred to Infectious Clinic of Mofid Children
Hospital and reported a similar frequency for hMPV. However, in the studies
conducted by Sultani et al. (2015) from Tehran, Iran (0%), and Vittucci et al. (2016)
from ltaly (3.4%) lower frequencies were reported. Furthermore, higher frequency
for hMPV was reported by Moattari et al. (2015) from Shiraz, Iran (15.7%).The
aforementioned differences in the frequency of Ady, INF-A, and hMPV in different
studies could be due to the annual variations in the incidence of infections, the
age of studied patients, different diagnostic methods used, the size of understudy
population, and climate variations (Parsania et al., 2016).
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In the current study, co-infections with RSV/INF-A, AdV/B. pertussis, RSV/B.
pertussis, AdV/RSY, and AdV/RSV/B. pertussis were detected in 8 patients (12%).
Several studies revealed that in respiratory infections often more than one
pathogen is detected. For instance, Korppi and Hiltunen (2007) reported the
co-infection of RSV/B. pertussis in 7 out of 117 infants < 6 months of age who had
lower respiratory tract infections. In the case of mixed infections, it is unclear
which pathogen is the principal contributing agent and what is their association
with disease severity. It is also unclear which pathogen is more important for
the emergence of disease manifestations (van den Brink et al., 2014). Therefore,
to avoid unrecognized cases, pertussis should be considered in all infants with
respiratory tract infections and the diagnosis of viral pathogens does not mean that
pertussis is dismissed.

In this research, the frequency of pertussis in spring and summer was higher
than in the other seasons.This was similar to the reports of Ghorbani et al. (2016)
from Iran that examined the nasopharyngeal swabs of all notified pertussis cases
from different age groups between the years 2011 and 2013 and most of the
confirmed cases of pertussis were identified during the spring and summer seasons.
Gonfiantini et al. (2014) from lItaly, evaluated the data on notified pertussis cases
from 1888 to 2012 and observed similar season distribution to the current study.
However, in the study performed by Goktas and Sirin (2016) from Turkey, most
cases of pertussis (40%) were identified in winter. Consequently, being aware of
the seasons with high rates of pertussis, it can be helpful to employ appropriate
programs for active case finding and early treatment of patients in order to control
quickly the spread of infection.

Conclusion

In this study, RSV was the most frequently identified pathogen (n=20, 20%),
followed by pertussis (n=18, 18%) and AdV (n=16, 16%). Pertussis was more
frequent at spring (8%) and summer (6%). In addition, clinical symptoms of
pertussis were the same as that of some viral pathogens, and this can lead to
misdiagnosis of infection. Therefore, diagnosis of pertussis should be based on both
the clinical symptoms and the laboratory methods. Moreover, effective strategies
for induction of immunity in unvaccinated young infants including revaccination of
juveniles and adults with DTaP, and immunization of pregnant women during the
third trimester of gestation; should be introduced into the public health control
programs.
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Abstract: Isolated arteritis of the lower limb vessels is an extremely rare
condition. The use of modern vascular imaging techniques substantially facilitates
and accelerates the diagnostics. In the isolated lower limb arteritis, it is always
necessary to exclude Takayasu’s and giant-cell arteritis. We present the case

of a female patient with an isolated lower extremity arteritis without any

other symptoms of systemic vascular damage or systemic autoimmune disease.
Immunosuppressive therapy is obligatory in this case. Interdisciplinary co-operation
is required for rapid diagnosis and successful therapy. Our patient has consented to
the publication of this report.
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Introduction

Isolated arteritis of the vessels of the lower limbs is a rare condition. Impairment
of the lower limb arteries usually occurs in connection with Takayasu’s arteritis
(TA) or giant-cell arteritis (GCA).The clinical symptomatology brings the patients
to the vascular surgery or cardiovascular departments. Differential diagnosis must
be applied to distinguish between impairment caused by arteriosclerotic disease
and occurrence of arteritis in systemic autoimmune disease. Modern imaging
techniques provide an adequate means of verifying the clinical symptomatology.
The treatment consists of a combination of corticosteroids, immunosuppressive
therapy and, if needed, surgical intervention by vascular surgeons.Where such
surgical treatment is not possible, there is the option of interventional angioplasty.
Combination of these procedures leads to a marked improvement in the efficacy
of the treatment and patient prognosis.

Case report
A 58-year-old female patient with bilateral lower extremity claudication was
referred to the Department of Vascular Surgery. From patient history: She suffered
for pollinosis, bronchial asthma, had a medication for hypertension. She did not
smoke. Subjectively: In the last month, pain in both lower limbs, more on the left,
painful also during the night — the patient holds the limb suspended. Bilateral
claudication after walking 50 m.The difficulties started a month ago together with
night sweats, muscle and joint pain.

Objective finding: height: 152 ¢cm, weight: 55.0 kg, bilateral blood pressure
140/85 mm Hg, the pulse was 82/min. Palpable pulsation of common femoral
arteries (CFA) bilaterally; further towards the periphery not palpable bilaterally; the
toes are cold, pink, without defects. Laboratory findings: erythrocyte sedimentation
rate (ESR) 120 mm/h, C-reactive protein (CRP) 25 mg/l, haemoglobin level 115 g/l
white blood cell count (WBC) 11.100 cells/mm?, platelet count 483.000/mm?,
factorV activity 152%, factor VIl activity 133%, factor VIII activity 289%, immuno-
ELFO: polyclonal hypergammaglobulinemia, IgG 20.8 g/l, 1gG1, 1gG2, IgG4, IgA,
IgM within the norm, elevated 1gG3 1.95 g/l, elevated C3 1.73 g/l, and C4 0.59 g/|,
positive acute phase reactants — orosomucoid 2.0 g/l, haptoglobin 3.15 g/l, positive
antinuclear antibody (ANA) 1:80, extractable nuclear antibodies (ENA), anti-ds
DNA and anti-neutrophil cytoplasmic antibodies (ANCA) negative. Lower limbs
ultrasound: superficial femoral artery (SFA) almost obliterated, hyperechogenic wall,
flow up to 30 cm/s, venous system freely patent, normal signal, compressible walls,
correct augmentation manoeuvres, peripheral blood pressure on right lower leg
(RLL): dorsalis pedis artery (DPA) 35 mm Hg, index 0.22, posterior tibial artery
(PTA) 60 mm Hg, index 0.38; left lower leg (LLL): DPA 35 mm Hg, index 0.22,
PTA 40, index 0.20, pressure at the big toes was low — could not be measured.
Computer tomography-arteriography (CT-AG) showed multiple diffusion stenosis
of the femoral arteries. Stenosis and occlusions of crural arteries bilaterally,
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correlating with CT sites of adventitial infiltrates. The finding is highly suspected as
multicentric bilateral peripheral arteritis. Positron emission tomography/computer
tomography (PET/CT): inflammatory impairment of the large arteries of both lower
limbs with the finding concentrated along the entire course of both superficial
femoral arteries. No other positive finding of metabolic activity in other large
arteries. Complex investigation of our patient including CT-AG and PET/CT did not
show any damage to other than lower limb arteries.VVe introduced therapy —

a combination of corticosteroids — 32 mg methylprednisolon, azathioprine 100 mg
and acetylsalicylic acid 200 mg/day. After a mere three weeks, ESR was within the
norm, CRP negativised, blood count normalised. Clinically, the patient reported
partial relief; walked without claudication 150200 metres and was not woken

at night by pain.We gradually reduced the dose of corticosteroids. The objective
finding continued to be without positive pulsations from the knees down bilaterally.
Ultrasound after 5 months: common femoral arteries (CFA) without changes
bilaterally, popliteal arteries (PA) trunks patent bilaterally. RLL: hairline diffuse
narrowing of superficial femoral arteries, image of concentric hypoechogenic
thickening of the wall popliteal arteries (PA) and tibioperoneal trunks (TPT)
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Figure 1 — Left lower leg before percutaneous transluminal angioplasty.
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patent. PTA detectable beyond the inner ankle. LLL: obliteration of the SFA in the
thigh popliteal artery (PA) from the collaterals — here partly regressed finding.
On the periphery, only weakly detectable distal posterior tibial arteries (PTA).
On ultrasound, the finding is without marked improvement compared to the

AG investigation in August 2016; the finding is comparable, with small deviations,
with the AG investigation. In the effort to influence vascular hyperproliferation,
we replaced the combination of corticosteroids and azathioprine with
cyclophosphamide, dose 600 mg, administered 3% in three-week interval. This
therapy, too, did not lead to any change in the clinical status or during the following
imaging investigations: multilevel bilateral diffuse stenosis and SFA obliteration and
occlusions of crural arteries; PA filling from collaterals bilaterally; detectable PTA
bilat. beyond the ankle. The finding is long-term stationary. After evaluating the
clinical status and the result of the imaging investigation we decided to perform
percutaneous transluminal angioplasty (PTA) using balloon dilation angioplasty
with paclitaxel, first on one and one month later on the other lower limb, with a
favourable clinical effect (Figures 1 and 2). Peripheral arteries — FSA, PA and PTA
left, and FSA, PA, PTA and fibular artery (FA) right — were made patent in both
limbs.
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Figure 2 — Left lower leg after percutaneous transluminal angioplasty.
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Discussion

Isolated arteritis of both lower limbs is a rare disease. Arteritis of the lower
limbs occurs most frequently in connection with Takayasu’s arteritis or giant-
cell Horton’s arteritis (Kermani et al., 2009; Assie et al., 2011; Sigl et al., 2014).
We focused on the possibility of TA or GCA with or without connection with a
systemic autoimmune disease. It is necessary to stress, that complex investigation
of our patient, including CT-AG and PET/CT, did not show any damage to other
than lower limb arteries. So our patient did not meet the criteria of large vessel
vasculitis typical for this age — GCA.We excluded rare case of polyarteritis
nodosa vasculitis mostly affecting the skeletal leg muscles (Khellaf et al., 2007).
Similarly as in the GCA or TA, the treatment of choice is the corticosteroid
and/or immunosuppressive therapy.An alternative may be the combination

of systemic corticosteroids and azathioprine, which we used. In the case of
unsuccessful immunosuppressive therapy, the treatment with tocilizumab or
rituximab is possible (Stagnaro et al.,, 2015). Tocilizumab is a humanized
anti-human IL-6 receptor antibody that binds to soluble and membrane-bound
IL-6 receptor. Rituximab is an anti-CD20 monoclonal antibody that depletes

B cells and is often used in the treatment of non-Hodgkin’s lymphoma and B-cell
leukemias. Our treatment had a partial effect — the disappearance of positivity of
inflammatory parameters — but did not lead to the disappearance or significant
retreat of hyperproliferation in the affected vessels that would allow restoration
of flow.An important factor of the favourable effect of immunosuppressive
therapy was gaining time for setting up collateral circulation, with the final
consequence of the patient avoiding amputation of the limbs.VVe tried to affect
the hyperproliferation by administering cyclophosphamide, which is used with
relative success in the treatment of vasculitis (de Boysson et al., 2013; Roberts
and Clifford, 2017). This therapy, too, had not the desired effect. That is why we
decided to perform percutaneous transluminal angioplasty, which was successful.
Arterial flow was restored down to the periphery in both lower limbs and

the clinical symptomatology disappeared. In this context it is necessary to
mention the possibility of locally influencing the vascular architecture with the
help of PTA (Barra et al., 2017). Drug-eluting balloons (DEBs) are effective at
reducing intimal hyperplasia after angioplasty of the superficial femoral artery,
infrapopliteal circulation, and arteriovenous fistulas. In our patient we applied
endovascular intervention with a paclitaxel drug eluting balloon. Paclitaxel is a
mitotic inhibitor with effect on cellular proliferation. The comparison between a
standard balloon dilator without the drug and balloon with paclitaxel in patients
with lower limb peripheral arterial occlusion disease has shown higher efficacy
of the balloon with paclitaxel in the prevention of restenosis of the treated
arteries (Kinstner et al., 2016). The presented case study is an example of
successful inter-disciplinary cooperation in the diagnosis and treatment of large
artery vasculitis.
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