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The book series Neuroscience and Respiration presents contributions by
expert researchers and clinicians in the multidisciplinary areas of medical
research and clinical practice. Particular attention is focused on pulmonary
disorders as the respiratory tract is upfront at the first line of defense for
organisms against pathogens and environmental or other sources of toxic or
disease-causing effects. The articles provide timely overviews of contentious
issues or recent advances in the diagnosis, classification, and treatment of the
entire range of diseases and disorders, both acute and chronic. The texts are
thought as a merger of basic and clinical research dealing with biomedicine
at both the molecular and functional levels and with the interactive relation-
ship between respiration and other neurobiological systems, such as cardio-
vascular function, immunogenicity, endocrinology and humoral regulation,
and the mind-to-body connection. The authors focus on modern diagnostic
techniques and leading-edge therapeutic concepts, methodologies, and inno-
vative treatments. The action and pharmacology of existing drugs and the
development and evaluation of new agents are the heady area of research.
Practical, data-driven options to manage patients are considered. New
research is presented regarding older drugs, performed from a modern
perspective or from a different pharmacotherapeutic angle. The introduction
of new drugs and treatment approaches in both adults and children is also
discussed.

Body functions, including lung ventilation and its regulation, are ulti-
mately driven by the brain. However, neuropsychological aspects of
disorders are still mostly a matter of conjecture. After decades of misunder-
standing and neglect, emotions have been rediscovered as a powerful modi-
fier or even the probable cause of various somatic disorders. Today, the link
between stress and health is undeniable. Scientists accept a powerful psy-
chological connection that can directly affect our quality of life and health
span. Psychological approaches, which can decrease stress, can play a major
role in disease therapy.

Neuromolecular and carcinogenetic aspects relating to gene polymor-
phism and epigenesis, involving both heritable changes in the nucleotide
sequence and functionally relevant changes to the genome that do not involve
a change in the nucleotide sequence, leading to disorders, are also tackled.



vi

Clinical advances stemming from molecular and biochemical research are
but possible if research findings are translated into diagnostic tools, thera-
peutic procedures, and education, effectively reaching physicians and
patients. All this cannot be achieved without a multidisciplinary, collabora-
tive, bench-to-bedside approach involving both researchers and clinicians.
The role of science in shaping medical knowledge and transforming it into
practical care is undeniable.

Concerning respiratory disorders, their societal and economic burden has
been on the rise worldwide, leading to disabilities and shortening of life-span.
COPD alone causes more than three million deaths globally each year.
Concerted efforts are required to improve this situation, and part of those
efforts are gaining insights into the underlying mechanisms of disease and
staying abreast with the latest developments in diagnosis and treatment
regimens. It is hoped that the articles published in this series will assume a
leading position as a source of information on interdisciplinary medical
research advancements, addressing the needs of medical professionals and
allied health care workers, and become a source of reference and inspiration
for future research ideas.

I would like to express my deep gratitude to Paul Roos, Tanja Koppejan,
and Cynthia Kroonen of Springer SBM NL for their genuine interest in
making this scientific endeavor come through and in the expert management
of the production of this novel book series.

Mieczyslaw Pokorski

Preface
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Abstract

The National Influenza Center (NIC) at the Department of Influenza
Research of the National Institute for Public Health—National Institute
of Hygiene (NIPH-NIH) participates in the Global Influenza Surveillance
and Response System (GISRS) and continuously coordinates epidemio-
logical and virological surveillance of influenza in Poland. The aim of this
study was to determine the regional differences of influenza activity in
Poland in the 2015/16 epidemic season. The influenza surveillance
involved 16 administrative districts in which there are Voivodeship (prov-
ince) Sanitary Epidemiological Stations set up to report influenza and
influenza-like illness among the Polish population. Over 8000 specimens
were tested in the season with regard to the respiratory viral infections in
all regions investigated. The circulation of influenza viruses A and B was
confirmed, with the subtype A/HIN1/pdm09 being predominant in the
Pomerania, Podlaskie, Subcarpathian, Lubuskie, Silesian, and Warmian-
Masuria provinces. The influenza-like virus occurred in individual cases,
except for respiratory syncytial virus that also was detected in the Greater
Poland and Warmia-Masuria provinces. The highest incidence of cases
and suspected cases of influenza was recorded in Pomerania and the
lowest one in Lubuskie provinces. The knowledge of regional differences
in influenza activity is important for streamlining the distribution of
preventive, therapeutic, and economic resources to combat the epidemic.
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Department of Influenza Research, National Influenza
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1 Introduction

Influenza viruses are the most common cause of
respiratory infections, resulting in high morbidity
and mortality (Taubenberger and Morens 2008).
Influenza is an infectious disease caused by influ-
enza virus type A or B. The occurrence of influ-
enza, whose viruses are characterized by great
seasonal antigenic changeability, may vary in
different districts of a country. In Poland, epide-
miological surveillance of influenza was
implemented in collaboration with primary care
physicians and laboratories of 16 Voivodeship
(province) Sanitary Epidemiological Station
(VSES) as of the 2004/05 epidemic season. The
information on influenza and influenza-like
infections has been gathered in all districts by
means of both Sentinel and non-Sentinel
systems. Since the 2013/14 epidemic season,
data consisting of the number of samples tested,
suspected and confirmed cases of infection,
hospitalizations, and deaths in each province
are stratified into seven age-groups (Hallmann-
Szelinska et al. 2016a, b; Bednarska et al. 2015).
These data are then further elaborated and ran-
domly checked for correctness of viral identifi-
cation in the National Influenza Center (NIC) at
the National Institute of Public Health-National
Institute of Health (NIPH-NIH 2016). The NIC
serves as a reference center for individual viro-
logical VSES laboratories of the country.

The aim of the present study was to determine
the regional differences of influenza activity in
Poland in the 2015/16 epidemic season. The
savvy of such differences might be of help in
setting apart resources for preventive and thera-
peutic actions to combat the epidemic.

2 Methods

2.1 Clinical Specimens

The study was approved by an institutional
Ethics Committee and it was conducted in accor-
dance with the Declaration of Helsinki for
Human Research. In the 2015/16 epidemic sea-
son over 8300 specimens were tested. The mate-
rial consisted of nasal and throat swabs and
bronchoalveolar lavage fluid (BALF). Clinical
specimens were collected from week 40/2015 to

week 34/2016 (October 1/2015 — August
28/2016).
2.2 Extraction of Viral RNA

Viral RNA was isolated using a Maxwell
16 Viral Total Nucleic Acid Purification Kit
(Promega Corporation; Madison, WI) from
200 pL of clinical samples in phosphate-buffered
saline (PBS) in accordance with the
manufacturer’s instructions for low elution vol-
ume cartridges. The RNA was eluted with 50 pL
of RNase-free water.

2.3 Real-Time Quantitative Reverse
Transcription Polymerase Chain

Reaction (Q-RT-PCR)

The Q-RT-PCR was used for a molecular exami-
nation of the presence of influenza viral material.
The analysis was carried out using a Light
Thermocycler 2.0 System (Roche Diagnostics;
Rotkreuz, Switzerland). The reaction proceeded
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Fig. 1 Percentage distribution of influenza and
influenza-like infections in the Polish provinces in the
2015/16 epidemic season. The province number, placed

in capillaries of 20 pL volume. Primers and
probes necessary to carry out the reaction were
obtained through the Influenza Reagent Resource
(IRR) program from the US Center for Disease
Control (CDC) The reaction mixture contained
MgSQ,, reaction buffer - bovine serum albumin
(BSA), RNase free water, and a SuperScript®
II/platinum Tag mix (Invitrogen Life
Technologies-Thermo Fisher Scientific;
Carlsbad, CA), with the addition of 5 pL of the
previously isolated RNA for each sample. The
positive control constituted the RNA strains that
were the following vaccine components for the
2015/16 epidemic season/2016: A/HIN1/pdm09
(A/California/7/2009),  A/H3N2/Switzerland/
9715293/2013, and B/Phuket/3073/2013. As for
the negative, RNase-free water was used. Before
the start of amplification, the RNA was rewritten
to obtain cDNA, using the enzyme reverse tran-
scriptase at 50 °C for 30 min. Then, samples were
analyzed as follows: initialization at 95 °C for
2 min and 45 cycles of amplification consisting
of denaturation at 95 °C for 15 s, annealing
at 55 °C for 30 s, and elongation at 72 °C for
2 min.

under each set of bars, corresponds to the numbered
names of provinces provided in the tables

3 Results

3.1 Influenza

In the 2015/2016 epidemic season in Poland over
eight thousand five hundred specimens for influ-
enza and influenza-like viruses were examined.
The presence of influenza virus was found in
over three thousand cases. The number of con-
firmed cases and share of various types of virus
are presented in Fig. 1.

The majority of confirmations of influenza
were found in the Pomeranian (72%), Masovian
(62%), and Subcarpathian (55%) provinces. In
other provinces, influenza was confirmed in less
than half specimens investigated (Fig. 1 and
Table 1).

We further found that the predominant sub-
type of influenza A virus in the 2015/16 season
was A/HIN1/pdm09 that was detected in high
percentage of influenza infection in several
provinces, such as Pomerania (80%), Podlaskie
(76%), Subcarpathia (74%), Lubuskie (71%),
Silesia, and Warmia-Masuria (69%), with a
smaller contribution from other provinces. In



two provinces, Swietokrzyskie and Greater
Poland, there was an equal frequency of type A
and B viruses. Subtype A/H3N2/ accounted for

Table 1 Confirmed influenza cases in the 2015/16 epi-
demic season in Poland

Specimens Positive

Province (n) (%)
1 | Podlaskie 137 21
2 | Kuyavia- 414 37

Pomerania
3 | Pomerania 97 72
4 | Lubuskie 243 32
5 | Silesia 815 39
6 | Swietokrzyskie 312 38
7 | Lesser Poland 1502 38
8 |Lublin 454 45
9 |Lodz 154 41
10 | Warmia—Masuria 386 25
11 | Opole 61 8
12 | Greater Poland 1515 20
13 | Subcarpathia 571 55
14 | West Pomerania 921 35
15 | Masovia 681 62
16 | Lower Silesia 279 40

Total 8542 37

K. Szymanski et al.

one percent in the Kuyavian-Pomeranian and
Masovian provinces. Apart from the two
subtypes, there were unsubtyped cases of influ-
enza infection (60%). These infections occurred
most frequently in the province of Opole
(Table 2).

Type B virus predominated in West Pomera-
nia (69% of infections) and also accounted for a
substantial share of more than one third of the
confirmed cases in Lesser Poland (Table 2).

3.2 Influenza-Like lliness
Influenza-like infections (ILI) accounted for over
20% of all infections in the Opole and Greater
Poland provinces. In other regions of the country
these infections were rather sporadic (Fig. 1).
The respiratory syncytial virus was the most
common cause of ILI. Other viruses, such as
human metapneumovirus, adenovirus, coronavi-
rus 229E/NL63, parainfluenzavirus 1-3, corona-
virus OC43, and rhinovirus A/B were identified
in individual cases.

Table 2 Percentage distribution (%) of influenza virus infections in the Polish provinces in the 2015/16 epidemic

season
Province A/HIN1/ (%) | A/HIN1/pdm09 (%) | A/H3N2/(%) | A unsubtyped (%) |B (%)
1 Podlaskie 0 76 0 3 21
2 Kuyavia-Pomerania |0 52 1 13 34
3 Pomerania 0 80 0 6 14
4 Lubuskie 1 71 0 0 28
5 Silesia 0 69 0 0 31
6 Swietokrzyskie 2 3 0 44 51
7 Lesser Poland 0 35 0 31 34
8 Lublin 0 55 0 24 21
9 Lodz 0 62 0 25 13
10 | Warmia—Masuria 1 69 0 10 20
11 | Opole 0 0 0 60 40
12 | Greater Poland 0 52 0 2 46
13 | Subcarpathia 0 74 0 17 9
14 | West Pomerania 2 21 0 8 69
15 | Masovia 4 51 1 1% 25
16 | Lower Silesia 0 67 0 8 25
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4 Discussion

In the 2015/16 epidemic season in Poland, over
three thousand respiratory virus infections were
confirmed. There were 3,864,731 cases and
suspected cases of influenza and influenza-like
illness, 15,312 hospitalizations, and 140 deaths
(NIPH-NIH 2016). Most cases and suspected
cases were reported in the Pomeranian
(765,296), Masovian (689,370), and Greater
Poland (546,357) provinces as shown in Fig. 1.
The highest incidence per 100,000 population
was in Pomerania (4383.7) and Greater Poland
(2086.2). The predominant subtype A/HIN1/
pdm09 accounted for over 70% of confirmed
cases of influenza infections. It should be noted
that the WHO provides that each year from
330 million to 1.58 billion people worldwide
suffer from influenza and influenza-like
infections (WHO 2015).

A high percentage of infection by subtype
A/HIN1/pdm09 may stem from a low level of
vaccination coverage in Poland amounting to
about 3.6% of the population (Brydak 2016).
This subtype was recommended as a component
of influenza vaccine in the 2015/16 epidemic
season (WHO 2015) and it also is going to be
included into the 2016/17 vaccine (WHO 2016).
Influenza virus type B was the most frequent in
the West Pomerianian and Swietokrzyskie
provinces, accounting for more than half of the
confirmed infections (Table 1). A similar number
of cases of influenza B and influenza-like
infections was observed in the Opole and Greater
Poland provinces, amounting to about 30% each.
The majority of deaths occurred in the region of
Silesia (33), in which the most frequently
detected virus was influenza type A. There also
were 25 deaths reported in Greater Poland, where
virus type A (39%), B (32%), and viruses causing
influenza-like illness (29%) were at a grossly
comparable level. The WHO estimates that 1 mil-
lion people die each year due to influenza infec-
tion (Brydak 2012).

The present virological data indicate the pre-
dominance of infection with influenza virus type
A in the eastern Polish provinces: Subcarpathian

(91%), Lublin (80%), and Podlaskie (74%), lying
near the border with Russia. These infection may
be related to border trafficking between the two
countries as type A virus was confirmed as pre-
dominant from week 3 of 2016 in Russia
(Kimissarov et al. 2016). However, predomi-
nance of type A virus in 2015/16 was also con-
firmed in Slovakia, Ukraine, Belarus, and
Lithuania (Flu News Europe 2016).

A decline in the number of confirmed cases of
influenza virus subtype A/H3N2/, which
accounted for only 1% in the Kuyavian-
Pomerianian and Masovian provinces, was
observed in 2015/16 compared with that in
2014/15 (Bednarska et al. 2015); a situation sim-
ilar to that also noted in Russia where this sub-
type caused only sporadic infections (Kimissarov
et al. 2016). In contrast, predominance of influ-
enza virus type B was observed the West
Pomerania that lies west of the provinces above
mentioned near Germany where type B virus was
found to predominate in the 2015/16 influenza
season (Flu News Europe 2016). Therefore, it
seems that the regional differences in the type
of influenza virus causing infections in a given
season have in all probability to do with the
epidemiological  situation in neighboring
countries.
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F. Hoffmeyer, K. Sucker, H. Berresheim, C. Monsé, B. Jettkant,
A. Beine, M. Raulf, J. Biinger, and T. Briining

Abstract

Acute effects of ethyl acrylate exposure at 5 ppm for 4 h include changes
of pH in exhaled breath condensate (EBC-pH) and exhaled nitric oxide
(FeNO). So far, few data have been reported for atopic persons or the
impact of the exposure conditions on biomarkers, e.g., constant versus
variable application of irritants. Nine atopic and eighteen healthy
volunteers without bronchial hyperresponsiveness were exposed for 4 h
to ethyl acrylate concentrations of 0.05 ppm (sham), 5 ppm (constant
concentration), and 0—10 ppm (variable, mean concentration of 5 ppm) in
an exposure laboratory. A positive atopic status was defined according to
specific IgE concentrations to common inhalant allergens (sx1 > 0.35
kU/L). Biomarker levels were assessed before and after challenge and
adjusted for levels after sham exposure (net response). Ethyl acrylate at
constant, but not at variable concentrations induced a significant change
in the net responses of EBC-pH and FeNO. Concerning FeNO, this could
be observed only for atopic persons. The changes of biomarker levels
were related to their baseline values. Biomarker responses to challenge
with ethyl acrylate may be influenced by the patterns of application as
well as baseline airway inflammation and atopic status of the volunteers.

Keywords

Atopy ¢ Ethyl acrylate ¢« Exhaled breath condensate ¢« Exhaled nitric
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1 Introduction
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Ethyl acrylate is an ester of acrylic acid and an air
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a characteristic unpleasant pungent odor and is
irritating to mucosal membranes. Odor threshold
of ethyl acrylate is typically below its threshold
for irritation. These thresholds were determined
at 0.0066 ppb and 4.15 ppm, respectively (van
Thriel et al. 2006). Ethyl acrylate is a liquid and
becomes a soluble gas at room temperature. In
contact with water it forms acrylic acid and etha-
nol, which accounts for its irritancy to mucous
membranes. The first effect induced by ethyl
acrylate is irritation of eyes and upper respiratory
tract (Arts et al. 2006). Inflammatory responses
in the lower respiratory tract are characterized by
the release of reactive oxygen species, proteo-
lytic enzymes, and mediators. They are linked to
acidification in several diseases (Kostikas et al.
2002).

Information on the composition of airway lin-
ing fluid, including pH, can be non-invasively
provided by analyzing exhaled breath condensate
(EBC) (Hoffmeyer et al. 2009). EBC-pH is an
integrative measure of acids to bases ratio which
apart from an inflammatory response can also be
affected by physicochemical properties of
inhaled constituents (Davis et al. 2013). Another
non-invasive marker for the measurement of air-
way inflammation is exhaled nitric oxide (FeNO)
(Kharitonov et al. 1997). FeNO is a useful
inflammation marker of exposure to gases and
organic solvents (Maniscalco et al. 2004). In
addition to sensory irritation of eyes and nose,
we observed in our previous work a net decrease
of EBC-pH, but no change of FeNO, calculated
on the mean response after acute challenge with
ethyl acrylate at 5 ppm for 4 h (Hoffmeyer et al.
2016).

Subjects’  characteristics  contribute  to
variability of effects observed after challenge
with irritants. Some of the known and postulated
factors include age, gender, body size, exercise,
atopy, airway responsiveness, smoking, and
pre-existing respiratory disease (Utell and
Frampton 2000). Also, the circumstances of
exposure might influence a particular response.
In this line, the actual dose at the target side, e.g.,
lung epithelium or the pattern of delivery
influences the effects. Effective dose concepts
suggest that the impairment of lung function
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after ozone exposure could be described as a
function of ozone concentration (C), minute ven-
tilation (V), and duration of exposure (T) (Adams
et al. 1981). However, considerable variability in
the magnitude of response remains unexplained
when referring to a CVT model (McDonnell
et al. 2010). This variability hinders the ability
to predict different responses to equivalent doses
of ozone inhaled in different exposure patterns.
In addition, multiple effects under investigation
might be unequally influenced by susceptibility.
For instance, ozone-induced decrements in lung
function do not correlate with measures of
inflammation (Balmes et al. 1996). In stable
asthmatics, an increase in markers of neutro-
philic inflammation and oxidative stress can be
demonstrated after ozone challenge despite miss-
ing functional impairment (Vagaggini et al.
2010).

Data on the impact of internal and external
factors on EBC-pH and FeNO changes in
humans following challenge with ethyl acrylate
are lacking. With the above-mentioned
considerations on irritants in mind, we examined
responses in atopic and non-atopic subjects. In
addition, factors related to the exposure condi-
tion were studied. Ethyl acrylate was delivered in
a constant and variable pattern, both
characterized by an equivalent mean concentra-
tion of 5 ppm.

2 Methods

The study was approved by a local Ethics Com-
mittee of the Ruhr University in Bochum. All
participants gave written informed consent and
received financial compensation for their partici-
pation. The protocol was created in accordance
with the Declaration of Helsinki for Human
Reserch.

2.1 Subjects

Twenty seven volunteers (15 female, 12 male)
were recruited by advertisement and answered a
health questionnaire. Before exposures, medical
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Table 1 Subject characteristics

Non-atopic
Gender; F/M (n) 12/6
Age (year) 25 (23-27)
BMI (kg/m?) 21.0 (20.0-23.3)
sx1 (kKU/L) 0.10 (0.09-0.11)
FEV; (%predgLy) 95.5 (90.3-103.7)
Z-Score —0.38 (—0.82; 0.31)
FVC (%predgyy) 97.3 (91.3-108.0)
Z-score —0.23 (—0.72; 0.68)
FEV,/FVC (%predgy ;) 97.3 (95.5-101.8)
Z-Score —0.42 (—0.74; 0.04)

Atopic P

3/6 0.114
24 (23-27) 0.671
23.0 (21.5-24.5) 0.159
4.31 (1.3-28.7) <0.0001
97.7 (95.0-106.8) 0.287
—0.20 (—0.43; 0.57) 0.294
103.0 (97.3-110.2) 0.185
0.23 (—0.23; 0.85) 0.178
97.0 (94.4-99.6) 0.447
—0.48 (—0.78; —0.04) 0.878

Continuous variables with median and inter-quartile range (IQR);. F female, M male, BMI body mass index, sx/ IgE
antibodies to a mixture of ubiquitous allergens (atopy screen), FEV; forced expiratory volume in 1 s, FVC forced vital

capacity

examination, analyses of blood and urine, and
lung function were performed. The volunteers
were healthy non-smokers without bronchial
hyperresponsiveness in the methacholine chal-
lenge test and lung function values were within
normal limits. Predicted values of lung function
parameters and respective z-scores were derived
from healthy non-smoking Caucasian subjects
collected by the Global Lung Initiative (GLI)
(Quanjer et al. 2012). Smoking habits were
assessed by face-to-face interviews and validated
by COHb (carboxyhemoglobin) and the nicotine
metabolite cotinine in urine as previously
described (Hoffmeyer et al. 2015a). Atopy was
classified  according to  specific IgE
concentrations to common inhalant allergens
(sx1 Phadiatop; ThermoFisher Phadia AB,
Uppsala, Sweden). A positive atopic status was
assumed in case of sx1 > 0.35 kU/L and 9 out of
the 27 participants had serologically verified
atopy. Descriptive data on the 18 non-atopic
and 9 atopic participants are summarized in
Table 1.

2.2 Exposure

Volunteers were in random order exposed to
ethyl acrylate concentrations of 0.05 ppm
(sham), 5 ppm (constant concentration), or
0-10 ppm (variable, mean concentration of
5 ppm). During the variable wave-form

exposure, the concentration was increased from
0-10 ppm and then reduced back to 0 ppm each
hour (Fig. 1). The exposures were performed for
4 h at rest in an exposure laboratory (ExpoLab)
with up to four volunteers at a time as recently
published (Hoffmeyer et al. 2016). Details of the
ExpoLab have been previously reported (Monsé
et al. 2012). A mass spectroscopy in chemical
ionization mode (Model Airsense;
MS4-Analysentechnik  GmbH, Rockenberg,
Germany) was used to determine ethyl acrylate
concentrations every 2 s in the breathing zone.

23 Effect Markers

FeNO and EBC-pH were used for effect assess-
ment as previously described (Hoffmeyer et al.
2016). Briefly, FeNO was measured following
the American Thoracic Society and European
Respiratory Society recommendations
(ATS/ERS 2005) using a portable electrochemi-
cal analyzer (NIOX Mino; Aerocrine, Solna,
Sweden). EBC was sampled following general
methodological recommendations (Horvath
et al. 2005) using a temperature-controlled
device (Turbo DECCS; Medivac, Parma, Italy).
Collection was performed during tidal breathing
for 10 min at a constant device’s temperature of
—5 °C. As the partial pressure of CO, (pCO.,) is
the most important confounder of pH measure-
ment in EBC samples, we adjusted pH to a pCO,
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Fig. 1 Experimental 5ppm 10
design. Subjects were constant 8

exposed to a sham
condition (not shown) and
ethyl acrylate in a mean

(top) or variable profile
(bottom). Drops to zero
concentration (fop) are 0
artificial and result from
switching analyses between
the four breathing zones.
Due to time-consuming
measurements before and
after exposure, subjects
entered and left the
ExpoLab in pairs

5 ppm 10
variable

o N B O 0

Subjects L A
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of 5.33 kPa as previously reported (Kullmann
et al. 2007; Hoffmeyer et al. 2015b). Simulta-
neous measurements of pH and pCO, were done
with a blood gas analyzer (ABL800; Radiometer
GmbH, Willich, Germany). One participant was
unavailable for EBC sampling after sham expo-
sure; thus he was not included in this part of
results.

24 Data Analysis

Changes of effect markers were normalized to
the respective baseline measurements for each
exposure condition ((post-pre/pre)*100, A%).
Further, effects observed at a mean concentration
of 5 ppm (either applied in a constant or variable
profile) were adjusted by subtracting the results
obtained after sham exposure (A5 ppb% -Asham
%, net-A%). The D’ Agostino and Person omni-
bus normality test was used to assess the value
distribution. Differences in exposure conditions
were analyzed by the Wilcoxon matched-pairs
signed-rank test or paired t-test as appropriate.
Comparison of non-atopic and atopic volunteers
was based on the Mann Whitney test or unpaired
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6

4 m
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applied either via constant o
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4

t-test as appropriate. The Spearman rank or
Pearson correlation coefficient was used for anal-
ysis of correlation as appropriate. For all tests a
significance level of <0.05 was chosen. Contin-
uous variables are depicted with median and
interquartile range (IQR; 25th, 75th percentile).
Data were analyzed and visualized by using
GraphPad Prism (Version 5.01, GraphPad Soft-
ware, San Diego, CA).

3 Results
3.1 Effect Markers and Exposure
Conditions

Two challenge conditions (constant and variable)
were designed resulting in an equivalent total
amount of ethyl acrylate delivered during 4 h.
The effects were also assessed following an iden-
tical sham exposure. Table 2 summarizes the
results for the three exposures. There were no
differences in the baseline levels of either
FeNO (p = 0.685) or pH (p = 0.169) among
the three conditions.
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Table 2 Group median effect markers after exposure (post) compared to baseline (pre) for the three challenge

protocols
Sham
FeNO (ppb) | pre 116 (11-20)
| post 113 (11-18)
p | <0.001
pH | pre 15.925 (5.831-5.973)
| post 16.051 (5.980-6.084)

p | <0.001
Median and inter-quartile range (IQR)
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Constant Variable
|14 (12-20) |14 (11-18)
112 (11-19) |14 (10-15)
10.153 | <0.001

5.966 (5.874-6.032)
16.014 (5.941-6.078)

5.924 (5.845-5.968)
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Fig. 2 Net responses of FeNO (a) and pH (b) following either constant or variable ethyl acrylate challenge. Results
are adjusted for sham exposure and stratified according to non-atopics (open symbols) and atopics (solid symbols)

Compared with the baseline level, FeNO
values decreased after sham condition and fol-
lowing the constant and variable ethyl acrylate
challenges. The median FeNO changes referring
to all volunteers were —11.8% (IQR —21.4, 0.0),
—7.7% (IQR —18.1, 0.0), and —12.5% (IQR
—18.2, —0.1), respectively. After applying the
variable profile, the FeNO decline was statisti-
cally significant despite an unchanged median
level. FeNO changes in response to the two
ethyl acrylate challenges were not different
from the sham condition (constant vs. sham;
p = 0.164, variable vs. sham; p = 0.475) and
demonstrated no mean difference to each other
(constant vs. variable; p = 0.287).

In contrast to FeNO, pH increased after all
exposure conditions. With respect to all
volunteers, the changes following sham condi-
tion, constant, and variable ethyl acrylate chal-
lenge compared with the baseline levels were

significant (each p < 0.001), demonstrating an
increase of 1.83% (IQR 1.36, 2.62), 1.21% (IQR
0.44,2.01), and 1.27% (IQR 0.48, 2.69), respec-
tively. The increase after ethyl acrylate challenge
compared with the increase after sham condition
was significantly lower when applying a constant
concentration (constant vs. sham; p = 0.015, var-
iable vs. sham; p = 0.554).

3.2 Effect Markers and Atopic

Background

Changes in the biomarkers following either con-
stant or variable ethyl acrylate exposures
adjusted for the sham condition (net-response)
and stratified according to the atopic status are
illustrated in Fig. 2. No significant net-effects on
FeNO (net-AFeNO) of variable ethyl acrylate
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exposure was observed (non-atopic: 5.4%;
p = 0.269; atopic: —11.1%; p = 0.906). When
ethyl acrylate was administered in a constant
manner, a significant increase in net-AFeNO
was revealed for atopic but not non-atopic
volunteers (non-atopic: 5.8%; p = 0.999, atopic:
11.1%; p = 0.032). None of the atopic volunteers
demonstrated a net-AFeNO decline after con-
stant challenge (Fig. 2a). The net-AFeNO
increase in the atopics after constant exposure
was significantly different from the effect in
non-atopic volunteers (p = 0.048). The changes
were also significantly different from those
observed after variable exposure (p = 0.019).

In the variable ethyl acrylate challenge, there
was no significant change in the sham-adjusted
EBC-pH values (net-ApH; non-atopic: 0.30%;
p = 0.759, atopic: —0.23%; p = 0.178). The
effect of the constant challenge on net-ApH was
a decrease in both non-atopics and atopics
(non-atopic: —0.98%; p = 0.052, atopic:
—0.80%; p = 0.028). The magnitude of decrease
was similar (p = 0.636, Fig. 2b). No significant
differences in net-ApH following constant or
variable ethyl acrylate challenge were observed
either in non-atopics (constant: —0.98% vs. vari-
able: 0.30%; p = 0.175) or atopics (constant:
—0.80% vs. variable: —0.23%; p = 0.742). No
influence of the order of the three challenge
conditions or of the gender on biomarker
responses could be identified (data not shown).

3.3 Effect Markers and Baseline

Levels

All individual measurements of FeNO before and
after each of the three challenge conditions were
significantly  correlated with each other
(p < 0.001). Also, pH values before and after
sham and constant ethyl acrylate exposure were
significantly correlated (p < 0.001), whereas the
pH values after variable ethyl acrylate were not
correlated to the baseline values (p = 0.196).
Correlations between the individual baseline
values and the magnitude of change following
the exposure protocols are shown in Table 3.
Concerning FeNO, the only correlation could be
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revealed in case of atopics exposed to ethyl acry-
late in a constant manner (r = 0.758; p = 0.018;
Fig. 3a). Except for atopics exposed to ethyl
acrylate in a variable manner (p = 0.208),
correlations could be observed between changes
of pH following exposures and the respective pH
values at baseline (Table 3). Increases following
exposures showed significant inverse
correlations to the pH value before exposure;
i.e., the increases were stronger for lower base-
line pH values. As an example, the regression
lines for the results after constant challenge with
ethyl acrylate are presented in Fig. 3b.

4 Discussion

Ethyl acrylate can have odorous and also
irritating effects. In addition to sensory irritation
of eyes and nose, we have recently demonstrated
a net decrease of EBC-pH, but no change of
FeNO, in humans after acute challenge with
ethyl acrylate at 5 ppm (Hoffmeyer et al. 2016).
Now, we extend these observations regarding the
internal and external factors that might modulate
EBC-pH and FeNO following challenge with
ethyl acrylate for 4 h. Concerning the evaluation
of adverse health effects, susceptible groups in
the population like atopic subjects have to be
considered (Utell and Frampton 2000). More-
over, like in risk assessment of air pollution
(Adams 2003), experimental simulations of
occupational risk assessment need to employ
concentration profiles that mimic those encoun-
tered during a working shift. Beside a constant
background level of a substance, also variable
concentrations, e.g., due to specific operating
processes, have to be considered in the working
area. In the present study, two types of exposure
profile were applied. A usual square-wave profile
with ethyl acrylate concentration maintained
constant at 5 ppm, and a wave-form in which
the concentration was increased from zero to
10 ppm and then back to zero level during one
hour resulting in four exposure cycles with a
mean concentration of 5 ppm for each partici-
pant. The maximum concentration of 10 ppm
ethyl acrylate was chosen in accordance with the
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Table 3 Relationship between changes of effect marker and baseline values for each challenge protocol (A) and

adjusted for sham results (net—A)

A
Sham
FeNO All —0.278
(ppb) p 0.160
Non-atopic r —0.272
p 0.273
Atopic r —0.524
p 0.148
pH All r —0.692
p <0.001
Non-atopic r —0.754
p <0.001
Atopic r —0.821
p 0.013
a 501 all: R? =<0.01.p=0.801 R
40 o non-atopic: R® = 0.04.p=0.399
g 30 . atopic: R* = 0.57.p=0.018 B
2 2
2 -
< 10+ LI
0 NN :
10+ /“’—*—QOO/
~30- . ° .0 °
—40-
0 10 20 30 40

FeNO - baseline (ppb)

Fig. 3 Relationship between FeNO (a) and pH (b)
changes following constant ethyl acrylate challenge and
their respective baseline values. Results are stratified

currently adjusted short-term doubling threshold
limit value at the time of the study (MAK 2012).
Despite the fact that equivalent total inhaled
doses in both exposure profiles were delivered,
we observed differing responses. The effects
were assessed by adjusting responses observed
after a particular concentration to those observed
in an identical sham exposure as recommended
(Bartoli et al. 2013; Horstman et al. 1995). First
of all, we confirm our previous results on EBC-pH
and FeNO changes after sham exposure regard-
ing the healthy non-atopic subjects following
a challenge with ethyl acrylate at a constant
concentration of 5 ppm (Hoffmeyer et al. 2016).

net—A
Constant Variable Constant Variable
—0.051 —0.013 —0.097 —0.015
0.801 0.950 0.629 0.941
—-0.212 —0.047 —0.088 —0.007
0.399 0.852 0.728 0.977
0.758 0.056 0.682 0.074
0.018 0.885 0.043 0.839
—0.565 —0.534 —0.357 —0.666
0.002 0.006 0.087 <0.001
—0.621 —0.635 —0.459 —0.806
0.006 0.008 0.074 <0.001
—0.906 —0.464 —0.609 —0.310
<0.001 0.208 0.109 0.462
b,
< ] ]
e
z 4
g 3]
2 g
1
0
- all: R%=0.32.p=0.002
_2] o non-atopic: R*=0.39.p =0.006 s
e  atopic: R?=0.82.p<0.001
s 57 58 59 60 61 62

pH - baseline

according to non-atopics (open circles and dotted line)
and atopics (solid circles and hashed line). Regression
analyses are also shown for the total group (line)

As in other studies of the kind we focused on
younger, non-smoking participants to avoid
potential problems and confounding biomarker
responses associated with age-related morbidity
and use of medication (Koczulla et al. 2010;
Riediker and Danuser 2007; Kharitonov et al.
1995). Our investigation took place out of pollen
season and all atopic participants did not show
any symptoms, lung function impairment, or air-
way hyperresponsiveness. We did not observe
increased baseline FeNO in the atopic subjects,
which is being present in subjects with clinically
apparent atopy (Tossa et al. 2010; De Zotti and
Bovenzi 2000).



Data from the literature suggest an exposure
response model being a function of irritant con-
centration (C), minute ventilation (V), and expo-
sure time (T) (McDonnell et al. 2010). After
adjustment for the sham condition, we observed
significant effects only after exposure to a con-
stant ethyl acrylate concentration and in case of
FeNO only in atopic participants. In our experi-
mental setting, ethyl acrylate concentration was
handled in a way to deliver the same overall dose
during the challenge duration of 4 h. However,
the profile with changing concentration included
periods of lower and down to zero decreasing
content, which may have reversed the effect
induced by prior exposure.

Gases, due to their physicochemical
properties, promote biological and neural reflex
responses which could be interlinked (Briining
et al. 2014). Individuals often report ocular sen-
sation disorders in addition to sensations coming
from the upper and lower airways on exposures
to volatile irritants. Eye irritation can be
estimated by the eye blink rate. During a variable
profile of exposure to an equivalent mean con-
centration of 5 ppm ethyl acrylate, a significant
increase in eye blinking has been reported
(Blaszkewicz et al. 2010). Thus, continuous
activation of airway afferent nerves alters
responsiveness in an adaptive manner.
Concerning the airways, our previous study has
indicated that tissue irritation or inflammation is
triggered in response to ethyl acrylate-induced
changes in FeNO and pH (Hoffmeyer et al.
2016). In this respect, it has been shown that
increasing pH decreases FeNO by buffering air-
way acid (Gaston et al. 2006). In the present
study, declining FeNO values after constant
ethyl acrylate exposure were associated with
increasing pH in non-atopics. The atopic
volunteers did not demonstrate this inverse asso-
ciation. In fact, we could demonstrate a signifi-
cant increase in FeNO relating to the baseline
level, in this subgroup. FeNO is foremost consid-
ered as a measure of eosinophilic inflammation
in asthma (Ricciardolo et al. 2015). However,
there are also reports indicating that FeNO might
be a useful marker of exposure to dust and gases
(Hoffmeyer et al. 2015a; Maniscalco et al. 2004;
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Ulvestad et al. 2001). The present finding of a
predominant increase in FeNO in atopic subjects
exposed to ethyl acrylate suggests that atopy is
associated with upregulation of inflammatory
mechanisms and a greater response to ethyl acry-
late. Concerning sulfur dioxide, Nowak et al.
(1997) have reported that atopy, based on skin-
prick results to common allergens, is a predictor
of positive lung-function response. Nasal reac-
tivity to irritant provocation is also influenced by
allergy status (Shusterman et al. 2003).

Finally, our findings are in qualitative agree-
ment with experiments supporting the concept
that the baseline level of airway inflammation
indicators may be a determinant of responses to
stressors. In this respect, increased EBC-pH
could be observed after moderate exercise
corresponding to fast walking. The increase in
pH was strongest for the subjects with lowest pH
before exercise (Riediker and Danuser 2007).
Baseline FEV, and FEV/FVC (%predicted) are
indicators of the severity of asthma and are lower
in subjects demonstrating ozone-induced lung
impairment (Horstman et al. 1995).

In conclusion, we assume that rather small
changes in pH and FeNO in response to ethyl
acrylate exposure do not represent an acute
adverse effect. However, under conditions of
higher or prolonged exposure these changes
may become pronounced and indicate a sensory
or tissue irritation. Ethyl acrylate at constant, but
not at variable concentration induces significant
changes in the net response of EBC-pH and
FeNO. Concerning FeNO, this could be observed
only for atopic persons. Therefore, subjects of
clinical studies should be carefully characterized
to identify potential susceptible subgroups and to
avoid misinterpretation of responses.
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Abstract

Until recently, most studies report an increasing prevalence of allergy and
asthma. The research suggests that the increase may have to do with
changes in lifestyle and living conditions. This study seeks to determine
the prevalence and changes in allergic diseases in relation to socioeco-
nomic status (SES) 6 years apart. The research material consisted of data
collected in two cross-sectional surveys conducted among university
female students in 2009 and 2015 (respectively, 702 and 1305 subjects).
The surveys evaluated the incidence of allergic conditions and socio-
economic status. The occurrence of allergy was determined on the basis
of answers to the questions whether the allergy and specific allergens were
defined on the basis of medical work-up. The prevalence of allergic
diseases increased from 14.0% to 22.3% over a 6-year period. In both
cohorts, allergic diseases were more prevalent among females with high
SES than with low SES. In 2009, significant differences were noted in
relation to urbanization of the place of living and the number of siblings.
In 2015, all socioeconomics factors significantly bore on the prevalence of
allergy.
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1 Introduction

A rise in allergic morbidity has been observed
over the last few decades. A key role in the
process is attributed to environmental factors.
The prevalence of allergy is also influenced by
genetic factors. However, a change of the gene
pool is not likely to take place in such a short
period of time. It is also known that etiology of
allergic diseases is underlain by multiple gene
functions; therefore allergy development
depends on interactions between the genotype
and environment (Holloway et al. 2010).

The hygiene hypothesis is one of the most
popular theories explaining the widespread of
allergies, mainly in highly developed countries
(Okada et al. 2010; Strachan 1989). It assumes
that changes in lifestyle and improvements in
hygiene have caused a decrease in the prevalence
of infections, and subsequently an increase in
allergic morbidity. The mechanisms of this inter-
relation are complex. They are connected with a
decreased consumption of homeostatic factors
and immunoregulation, involving stimulation of
various regulatory T-cell subsets and Toll-like
receptors. Changes in microbiota caused by
changes in lifestyle, notably articulated, for
instance, in inflammatory bowel diseases, could
influence the processes outlined above (Okada
et al. 2010).

It is commonly known that living conditions
and lifestyle are determined by people’s socio-
economic status (SES). These conditions are usu-
ally assessed based the level of urbanization of
the living place, parents’ education, number of
siblings, earnings, including money spent on liv-
ing comfort, food, medical, and the knowledge
on disease prevention and healthy lifestyle.
Consequences of differences in SES are visible
in the ontogenetic rate in children and adoles-
cent, body build, and biological condition in

children, adolescents and adults. Generally, peo-
ple with high socio-economic status reach vari-
ous child development stages at younger ages
and are characterized by better nutrition and
health. The general morbidity is usually lower
in groups with high SES socio-economic status.
However, a reverse tendency is observed in case
of allergic diseases (Jackson et al. 2004;
Cavelaars et al. 1998; Marmot et al. 1991).
According to the hygiene hypothesis, factors
more common in groups of low SES, such as
staying in large groups of children or exposure
to infectious diseases in childhood, prevent the
occurrence of atopic diseases.

The literature demonstrates that a high SES
increases the risk of food allergies, allergic rhini-
tis, and eczema in both children and parents
(Jansson et al. 2014). We confirmed that in a
previous study conducted among university
students (Pawlinska-Chmara and Wronka
2009). However, there also are studies
demonstrating that both asthma and allergic rhi-
nitis are more often found in people of low than
high status (Uphoff et al. 2015). Due to the
existing controversies on the link between aller-
gic diseases and SES, compounded by the ever
changing socio-economic and cultural changes in
society, in the present study we seek to determine
differences in allergy prevalence with regard to
the socioeconomic status in a cross sectional
analysis of 2009 and 2015 periods.

2 Methods

The study was approved by a local Ethics Com-
mittee of the Jagiellonian University, in Cracow,
Poland and was conducted in accord with the
principles of the Declaration of Helsinki for
Human Research. The material consisted of
data collected in two cross-sectional surveys
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conducted among female university students in
2009 and 2015. In total 2007 subjects were sur-
veyed; 702 in 2008 and 1305 in 2015. The mean
age in the first cohort was 20.4 + 1.6 years
(women without allergy — 20.4 £ 1.7 years and
with allergy — 20.4 & 1.4 years) and in the second
cohort it was 20.4 £ 1.7 years (women without
allergy — 20.4 £+ 1.6 years and with allergy —
20.4 4+ 1.3 years). There were no appreciable
age-difference between allergic and non-allergic
subjects in either cohort. Each student responded
to a questionnaire. The questions concerned the
incidence of allergic conditions, SERS, age at
onset of adolescence, and the menstrual cycle
pattern.

The incidence of atopy was determined using
the response to the question ‘Have you been
diagnosed with allergy on the basis of medical
tests; if yes, which allergens you are allergic to?’.
The SES was established by means of standard
variables used in auxological studies such as:
place of residence before the university or col-
lege period, parents’ level of education, and the
number of siblings. The place of residence was
considered in three categories: village, town
(up to 100,000 inhabitants), and city (more than
100,000 inhabitants). The parents’ education was
considered as vocational, secondary, and higher.
The number of siblings was top coded at four.

On the basis of the data above outlined, a
complex SES indicator was calculated.
Participants were stratified into three groups of
low, average, and high status. This stratification
was introduced on the basis of a value of the first
component in the principal component analysis
that converts a set of observations of possibly
correlated variables into a set of values of line-
arly uncorrelated components. A Chi-squared
test was used to compare categorical variables.
Logistic regression was used to generate odds
ratios (OR) and 95% confidence intervals
(CI) to assess the overall trends set by SES. A
p-value of <0.05 was considered a cut-off level
for statistical significance. The analyses were
performed using a commercial Statistica ver.
10 packet (StatSoft Inc.; Tulsa, OK).

3 Results

The major finding was that the prevalence of
allergies significantly increased with the passing
years. The percentage of female students with
allergies was 15.0% in 2009 and 22.3% in
2015. In both cohorts, respiratory allergies were
predominant. The socio-economic factors were
connected with allergy prevalence. In 2009, sig-
nificant differences were observed regarding the
following variables: place of living before study,
number of siblings, and a socio-economic status.
No significant differences were found in allergy
prevalence in relation to mother and father’s
education, although allergy tended to be more
frequent in students whose one or both parents
had university education. In 2015, significant
associations were found between allergy preva-
lence and each of the socio-economic factors
analyzed (Table 1). In both years, the percentage
of students suffering from allergies was twice
higher in urban than rural areas. Moreover, the
higher level of parents’ education, the higher
allergy prevalence was noted.

In the cohort examined in 2015, prevalence of
allergies was higher by 7.3% than in 2009. An
increase in the prevalence of allergic diseases
between 2009 and 2015 was observed across all
categories of SES. A minimum gain was 2.2%.
The highest gains were found in the only children
(14.3%) and in students whose mothers or fathers
had higher education (10.5% and 14.8%, respec-
tively). The difference in allergy prevalence
between 2019 and 2015 in students from urban
and the rural areas was 9.3% and 4.3%, respec-
tively. The increases in the prevalence of allergic
diseases went hand in hand with a greater level of
SES (Table 2). Logistic regression analysis con-
firmed that risk of allergic diseases rose along
with SES in both cohorts (Table 3).

4 Discussion

Allergic diseases, mainly asthma, rhinitis, and
eczema, are common in both adults and children.
These diseases are not a cause of high mortality,
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Table 1 Prevalence of self-reported physician-confirmed allergic diseases in 2009 in relation to socio-economic

factors
Non allergic Allergic subjects;
subjects; n (%) n (%)
2009
Dwelling place
Rural 276 (90.8) 28 (9.2)
Urban 321 (80.7) 77 (19.4)
Mother’s education
Primary | 128 (89.5) 15 (10.5)
310 (86.6) 48 (13.4)
Secondary
159 (79.1) 42 (20.9)
University
Father’s education
Primary | 159 (86.0) 26 (14.1)
257 (86.0) 42 (14.1)
Secondary
181 (83.0) 37 (17.0)
University
Number of siblings
0 155 (79.5) 40 (20.5)
1 237 (85.9) 39 (14.1)
2 140 (87.0) 21 (13.0)
3 and 65 (92.9) 5(7.1)
more
Socio economic status
Low 208 (92.4) 17 (7.6)
220 (88.4) 29 (11.7)
Medium
High 169 (74.1) 59 (25.9)

0.003

0.072

0.603

0.033

0.001

Non allergic Allergic subjects;

subjects; n (%) n (%) p

2015

474 (86.5) 74 (13.5) <0.001
540 (71.3) 217 (28.7)

311 (87.4) 45 (12.6) <0.001
383 (78.5) 105 (21.5)

320 (69.4) 141 (30.6)

425 (83.7) 83 (16.3) <0.001
325 (79.1) 86 (20.9)

230 (68.3) 107 (31.8)

148 (65.2) 79 (34.8) <0.001
487 (77.8) 139 (22.2)

232 (80.6) 56 (19.4)

144 (89.4) 17 (10.6)

376 (88.3) 50 (11.7) <0.001
360 (80.0) 90 (20.0)

278 (64.8) 151 (35.2)

Bold type, statistically significant difference; p-value based on Chi® test

although they considerably affect the quality of
life. The literature demonstrates that prevalence
of allergic diseases varies depending on the
region and ranges from 1 to 40%. The lowest
percentage is observed in Tibet and the highest
is in highly developed countries (Asher et al.
2006). In Poland, the level of allergic diseases
is similar to that in highly developed countries
(Samolinski et al. 2009). It should be emphasized
that a significant increase in the number of aller-
gic persons has taken place in the last decades
(Duggan et al. 2012; Asher et al. 2006). Analo-
gous results were obtained in the present work.
In the International Asthma and Allergies in
Childhood (ISAAC) studies that were conducted
among 6—7 and 13—14-year-old children in more
than 106 centers in 56 countries, the results of

phase I were compared with those of phase III
performed 5 years later. It has been demonstrated
that there was an increase in symptom frequency
of at least one of the allergic diseases in the
majority of centers. The findings of the present
study, in general, confirmed those above
outlined, pointing to an increasing tendency in
the occurrence of allergy in Poland. Some studies
indicate that asthma prevalence has changed
least, the prevalence of allergic diseases actually
may not change anymore, although it remains at
a high level of 20-30%, and there are substantial
variations inter- and intra-population (Eriksson
et al. 2012).

Several works have focused on a search for
the cause of an increasing allergy trend. The
environmental risk factors of allergies include
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Table 2 Difference (A%) in prevalence of self-reported

physician-confirmed

allergic

diseases

between

2015-2009 in relation to socio-economics factors

A%

Dwelling place

Rural 4.29

Urban 9.32
Mother’s education

Primary 2.15

Secondary 8.11

University 10.50
Father’s education

Primary 2.29

Secondary 6.87

University 14.78
Number of siblings

0 14.29

1 8.07

2 6.40

3 and more 3.42
Socio-economic status

Low 4.18

Medium 8.35

High 9.32

p-values based on Chi? test

P

0.013
<0.001

0.034
0.004
0.001

0.047
0.008
<0.001

<0.001
<0.001
0.010
0.029

0.016
0.002
0.001

Table 3 Risk factors for self-reported physician-con-
firmed allergic disease in 2009 and 2015 analyzed by
multiple logistic regression

Risk factor

Dwelling place
Rural
Urban

OR (95% CI)
2009

1 — Ref
2.23 (1.12-4.36)

Mother’s education

Primary
Secondary
University
Father’s education
Primary
Secondary
University
Number of sibling
3 and more
2
1
0
Socio-economic st
Low
Medium
High

1 — Ref
1.10 (0.87-1.93)
1.40 (0.91-1.98)

1 — Ref

1.25 (0.72-2.16)
1.44 (0.68-2.01)
S

1 — Ref

1.03 (0.55-1.81)
1.46 (0.84-2.01)
1.97 (0.65-2.81)
atus

1 — Refl

1.36 (1.05-1.77)
2.03 (1.024.04)

OR (95% CI)
2015

1 — Ref
2.36 (1.49-3.79)

1 — Ref
1.61 (0.88-2.92)
1.97 (1.08-3.39)

1 —Ref
1.47 (1.10-1.96)
1.84 (0.89-3.11)

1 — Ref

0.99 (0.59-1.69)
1.61 (1.03-2.50)
2.18 (1.36-3.48)

1 — Refl
1.92 (1.30-2.82)
2.61 (1.39-4.87)

air pollution, exposure to endotoxins and
allergens at home and work, limited exposure to
microbes in the early childhood, overuse of
antibiotics, low fiber diet, sedentary lifestyle,
and stress (Hsu and Campbell 2016; Samolinski
etal. 2012; Liu 2002). All these factors are linked
to the civilization advance and socio-economic
status, and consequently a more frequent preva-
lence of allergies (Mercer et al. 2004; Chen et al.
2002; Lewis and Britton 1998; Goh et al. 1996;
Williams et al. 1994) and atopies as determined
by skin tests (Schéfer et al. 2001; Forastiere et al.
1997). However, some reports do not point to the
presence of such a relation (Nathan et al. 1997).
Discrepant data mainly refer to asthma. Mielck
et al. (1996), in a review article, have argued that
the test results indicating a positive relation
between asthma and SES are as frequent as the
ones indicating a reverse dependence, and in
some studies no relation has been found. In
Poland, significant socio-economic gradients
in allergic disease prevalence have been previ-
ously observed (Majkowska-Wojciechowska
et al. 2007) and the present study is in line with
those data. A difference between the groups
stratified by the SES level was greater in 2015
than in 2009. Differences due to the parents’
education level were not significant in 2009
either.

According to the ‘hypothesis of hygiene’, an
increase in allergy results from the elimination of
microorganisms stimulating development of
human’s immune system. Children from wealth-
ier families of higher social status tend to stay in
‘sterile development conditions’. However, eti-
ology of different allergic diseases can vary.
Additionally, there exist several factors
correlating with the prevalence of a particular
allergic disease. The ISAAC studies have
shown wide differences between medical
centers, being not due to a random sampling
variation, and hardly explicable by the action of
only one environmental factor. For example, in a
few Latin America centers and in highly devel-
oped countries a comparable high level of preva-
lence of allergy has been found despite
significant differences in SES, living conditions,
and lifestyle (Asher et al. 2000).
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The environment can influence the develop-
ment of allergic diseases at both individual and
population levels. However, the influence seems
different in developed and developing countries
and concerns not only the prevalence but also
symptoms of a disease. Symptoms and disease
course are less severe in persons of high than low
SES, which can be explained by a higher knowl-
edge on pro-health activities and the ability to
finance preventive activities or disease recur-
rence (Pawlinska-Chmara et al. 2013; Gehring
et al. 2006; Lewis et al. 2001).

The socio-economic factors connected with
risk of allergic disease include urbanization of
the place of living. Urban air pollution caused by
industry and high road traffic facilitates allergy,
whereas high endotoxin and other microbial
exposure in the early childhood resulting from
living on a farm and having contact with animals
is protective against allergy (Wennergren et al.
2010; Liu 2004). Likewise, lower risk is
observed in people who had animals at home in
childhood (Schmitz et al. 2012).

Variability of living conditions can be a prob-
lem while examining relations between SES and
allergy prevalence. The conditions can signifi-
cantly vary from childhood to adolescence and
adulthood. It is not fully explained whether an
inverse relation between the incidence of infec-
tious diseases and allergies refers only to early
childhood or to later periods of life as well (Liu
2002, 2004). That is exemplified by a relation
between exposure to endotoxins and allergy
occurrence. Such exposure prevents atopy in
early childhood, but is the cause of on-the-job
asthma while in work environment (Liu 2002;
Reed and Milton 2001).

An increased number of people with allergies
has been observed in many countries in Europe,
America and Asia in recent years (Kim et al.
2016; Wang et al. 2016; Duggan et al. 2012;
Anthracopoulos et al. 2011; Hansen et al.
2000). Allergy is often linked to westernization
of lifestyle typical for highly developed
countries. The latest studies show that a high
and increasing level of allergic diseases is also
observed in Asian and African countries with
increasing SES (Lee et al. 2016). Apparently, a
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high call social level and improved economic
status are conducive for allergic diseases (Mercer
et al. 2004). It is believed that factors affecting
the development of asthma and other allergies
can act differently in the developed and develop-
ing countries (D’ Amato et al. 2016). The key role
is played by the interaction of allergy risk factors
with socio-economic status (Asher et al. 2006).
Studies show that allergy prevalence increases
with air pollution caused mainly by road traffic
(Duggan et al. 2012), overattentiveness to
hygiene (Baurecht et al. 2007; Cork et al. 2006;
Sherriff et al. 2002), and with a decrease in
infectious illnesses. Some allergy risk factors
are also connected with cultural background.
The number of families with only child is grow-
ing, children stay home with mothers or nannies
in early years, and start attending kindergartens
at a later age with a lower number of children in
groups. Children also spend less time outdoor
and tend to have a limited contact with peers
than they used to do in former times. Conse-
quently, they are less exposed to factors
protecting against allergies, i.e., endotoxins,
microbes, and exposure to the sun that ensures a
proper vitamin D synthesis (Hwang et al. 2016).
Some studies underscore the possible links
between the increased prevalence of allergy and
climate changes, causing changes in pollen and
spores content and dispersion.

The present work underlines a growing inten-
sity of allergy in Poland. More people with
allergies were observed in all different socio-
economic groups over 5 years. In a group of
highest SES, the difference between 2009 and
2015 was highest. It can be assumed that the
prevalence of allergic diseases in Poland has
not yet reached its plateau. A further increase is
expected to occur mainly in people of a low SES
whose living conditions and lifestyle will likely
be rising. Continuous monitoring of factors
influencing allergy occurrence would help keep
this sort of disease in check through preventive
programs and appropriate healthcare.
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Abstract

Upper respiratory tract infection (URI) is a nonspecific term used to
describe acute infections involving the nose, paranasal sinuses, pharynx,
and larynx above the vocal cords. The aim of this study was to provide a
summary of the most common pathogens of URI and to compare
advantages and disadvantages of traditional and new rapid
microbiological tests used to identify them. Blood samples were simulta-
neously examined by the enzyme-linked immunosorbent assay (ELISA)
and by the FilmArray Respiratory Panel for eight different pathogens in a
total of 15 tests performed in nasopharyngeal swabs. The ELISA method
is unable to identify the pathologic agent until the host’s immune system
elicits a response. The method is readily available in many laboratories at
a low cost, which puts less strain on economic resources. The FilmArray®
Panel, on the other hand, is more expensive, but it is fast and exact in the
identification of a broad spectrum etiologic agents. Nonetheless, since
most repiratory tract infections are viral in origin and there is no treatment
available, the diagnosis provided by the FilmArray Panel does not provide
any additional clinical benefit and thus should be used only whenever
necessary on the individual basis.

Keywords

Duagnostics « ELISA method « Microbiological tests « Pathogens ¢ Rapid
detection ¢ Respiratory infections ¢ Respiratory panel

1 Introduction

Upper respiratory tract infections (URIs) involve
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respiratory passage of the nose and throat as far
as the epiglottis and vocal cords. Acute URIs
include the common cold, pharyngitis,
epiglottitis, and laryngotracheitis (Nester et al.
1995). A variety of viruses, bacteria, fungi,
and parasites can infect the respiratory tract.
Transmission of organisms occurs by aerosol
droplet or direct hand-to-hand contact with
infected secretions, with subsequent passage to
the nares or eyes. Most URIs are of viral etiology
(Dasaraju and Liu 1996). Epiglottitis and
laryngotracheitis are exceptions with severe
cases likely caused by Haemophilus influenzae
type B. Bacterial pharyngitis is often caused by
Streptococcus pyogenes. Bacterial and viral
upper respiratory infections produce highly vari-
able clinical symptoms that cannot be used to
identify the etiologic agent. Proper treatment
depends on the correct identification of a patho-
gen involved as antibiotics provide little or no
benefit with viral infections (Nester et al. 1995).

1.1 Etiology of Upper Respiratory

Tract Infections

The URIs are in 69% of viral origin (Mikeld
et al. 1998). Orthomyxoviruses (influenza A and
B), paramyxoviruses (parainfluenza and respira-
tory syncytial ~ viruses),  coronaviruses,
adenoviruses, and enteroviruses (coxsackie and
ECHO viruses) cause common cold. However,
most colds are caused by more than 89 types of
rhinoviruses (Musher 2003; Cooper et al. 2001).
More than 40 strains of adenoviruses cause phar-
yngitis resembling a strep throat. Rhinoviruses
are unresponsive to antibiotics and other
medications that control bacterial infections.
Antibiotic treatment of adenovirus infections is
of no value and sometimes can even be harmful,
because it supresses normal bacterial flora and
enables the resistant opportunistic pathogens to
grow in an uncontrolled way (Nester et al. 1995).
Different  bacteria, including Chlamydia
pneumoniae, Mycoplasma pneumoniae,
Sreptococcus pneumoniae, Bordetella pertussis,
Haemophilus influenzae, and Staphylococcus
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aureus are involved with the upper respiratory
system (Murray et al. 2005). The most common
URI of bacterial origin is pharyngitis caused by
Group A beta-hemolytic streptococci, with
Streptococcous pyogenes as a main representa-
tive, which accounts for 5-10% of pharyngitides
(Poole and Portugal 2005). Streptococcus
pneumoniae and Haemophilus influenzae are
the most important bacterial pathogens in otitis
media and bacterial conjunctivitis. Less com-
monly, Mycoplasma pneumoniae,
Streptococcous pyogenes, and Staphylococcus
aureus are the causative agents in otitis media.
A study carried out in the Czech Republic in
2004/05 in 16 different cities among healthy
children aged 3-6 years show that the overall
carriage of pathogens was 62.8%, with Strepto-
coccus  pneumoniae 38.1%, Haemophilus
influenzae 24.9%, Moraxella catarrhalis 22.1%,
and Staphylococcus aureus 16% being the most
prevalent (Zemlickova et al. 2006).

1.2 Diagnostic Methods of Upper

Respiratory Tract Infections

The diagnosis of URIs is based on a review of
symptoms, physical examination, and laboratory
tests. Direct identification of bacterial pathogens
is based on routine laboratory tests, including
growing bacteria in cultures, detection of bacte-
rial metabolic activity, single enzyme tests (cata-
lase, oxidase, urease, or coagulase tests), and
molecular methods (Balentine and Siamak
2015; Harvey et al. 2007). Complement fixation
test, direct agglutination technique, latex agglu-
tination and enzyme linked immunosorbent
assay (ELISA) are traditional serological
methods used to detect antibodies in the patient’s
serum. Traditional diagnostic methods for viral
pathogens include growth of the virus in a cell
culture, observation of virus particles by electron
microscopy, and detection of viral nucleic acid or
virus-specific  antibodies in the blood
(Meneghetti 2016).
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1.3 FilmArray Respiratory Panel

The FilmArray Panel is a multiplexed nucleic
acid test intended for the simultaneous qualita-
tive detection and identification of multiple
respiratory pathogen nucleic acids in nasopha-
ryngeal swabs. This new platform combines
automated sample preparation, nucleic acid
extraction, and polymerase chain reaction
(PCR)-based detection from a single unprocessed
sample in 1 h (BioFire Diagnostics; Salt Lake
City, UT). This method allows for identification
of 21 different respiratory pathogens from a
nasopharyngeal swab, 18 of viral etiology and
three of bacterial origin (Idaho Technology
2007).

In the present study we seek to determine the
individual advantages and disadvantages of dif-
ferent diagnostic tools for pathogens underlying
the URIs, as well as under which circumstances a
specific method would have an advantage over
another one.

2 Methods

2.1 Study Design

The study was approved by the Ethics Commitee
of Jessenius Faculty of Medicine in Martin,
Slovakia. Results of FilmArray®™ Respiratory
Panel and ELISA tests performed in the Depart-
ment of Clinical Microbiology of Martin Univer-
sity Hospital were evaluated and compared for
the functionalities, advantages, and
disadvantages of these methods. We focused on
a total number of FilmArray Panel tests, the
number of positive results, and the spectrum of
pathogens detected in connection with the clini-
cal diagnosis.

2.2 Detection of Pathogens by

FilmArray Respiratory Panel

Nasopharyngeal swabs were examined using the
FilmArray® Respiratory Panel developed by

IDAHO Technology (BioFire Diagnostics; Salt
Lake City, UT) for the presence of 21 pathogens
(adenovirus, bocavirus, coronavirus HKUI,
coronavirus NL63, coronavirus 229E, coronavi-
rus OC43, human metapneumovirus, human rhi-
novirus/enterovirus, influenza A, influenza
A/H1, influenza A/H3, influenza A/H1-2009,
influenza B, parainfluenza 1-4, respiratory syn-
cytial virus, Bordetella pertussis, Chlamydophila
prneumoniae, and Mycoplasma pneumoniae). To
assess the diagnostic efficacy of this new method,
a venous blood sample was draw from two
patients and it was concurrently examined in
the same laboratory for the presence of eight

pathogens (adenovirus, influenza A,
influenza B, parainfluenza virus 1, respiratory
syncytial virus, Bordetella pertussis,

Chlamydophila pneumoniae, and Mycoplasma
pneumoniae) in 15 tests with the hitherto com-
monly used ELISA method. Additionally, a hem-
agglutination inhibition test for influenza A and
B was performed in a patient in the Department
of Virology of the Regional Institute of Public
Health in Banska Bystrica, Slovakia.

3 Results

The FilmArray Panel was performed 15 times to
identify URI pathogens in hospitalized patients
with acute respiratory infections in January 2016.
Positive results were obtained in 8 samples. Four
samples turned out positive for human rhinovi-
rus/enterovirus. The other detected pathogens
were parainfluenza virus 3, human
metapneumovirus, coronavirus 0C43,
influenza B, and adenovirus. Two different
pathogens were identified in one patient (human
rhinovirus/enterovirus and adenovirus). Positive
results of laboratory tests are summarized in
Table 1. These results corresponded with a num-
ber of respiratory infections, as diagnosed before
hand, such as URIs, pneumonia, acute inflamma-
tion of nasopharynx, acute bronchitis, hypother-
mia unrelated to external temperature, and
undefined fever.

For comparison, specimens obtained from two
patients were tested simultaneously with
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Table 1 Positive results of filmarray respiratory panel — January 2016

Patient Result Clinical diagnosis

1 Human rhinovirus/enterovirus Acute URI

2 Human rhinovirus/enterovirus and adenovirus Acute URI

3 Human rhinovirus/enterovirus Acute URI

4 Parainfluenza virus 3 Acute bronchitis

5 Coronavirus OC43 Hypothermia

6 Human metapneumovirus Pneumonia

7 Human rhinovirus/enterovirus Undefined fever

8 Influenza B Acute nasopharyngitis

URI upper respiratory tract infection

Table 2 Results of ELISA tests performed in two patients.

Patient 1 Patient 2

Pathogen Date Result Date Result Costs

Adenovirus 15.01.2013 | Negative |31.01.2013 | Negative |IgM = 1.81 €; IgA =2.07 €

Influenza A 13.01.2013 | Negative |31.01.2013 | Negative |IgM = 191 €; IgA =191€

Influenza B 13.01.2013 | Negative |31.01.2013 | Negative |IgM =191 €

Parainfluenza 1 13.01.2013 | Negative |31.01.2013 | Positive |IgM = 2.08 €

Respiratory syncytial 12.02.2013 | Negative |12.02.2013 | Negative |IgM = 1.81 €; IgA =2.07 €

virus

Bordetella pertussis 13.01.2013 | Negative |31.01.2013 | Negative |IgM = 1.99 €; IgG = 1.99 €;
IgA =199 €

Chlamydophila 18.01.2013 | Negative |31.01.2013 | Negative |IgG = 1.33 €; IgA =133 €

pneumoniae

Mycoplasma 17.01.2013 | Negative |31.01.2013 | Negative |IgG = 1.33 €; IgA =133 €

pneumoniae

Entire testing time 28 days 29 days Total cost — 165 € either patient

traditional ELISA and FilmArray Panel methods.
A venous blood sample and a nasopharyngeal
swab were taken from both patients for either
method, respectively. In one of these patients,
all results were negative and no etiologic agent
could be identied by the ELISA method. In total,
28 days were was required to obtain the full panel
of results (Table 2; Patient 1). In addition, culture
of the specimen obtained from a nasopharyngeal
swab from the same patient also was negative for
any pathogens. However, nasal swab specimen,
examined by the FilmArray Panel, yielded a pos-
itive result for human rhinovirus or human
enterovirus (Table 3; Patient 1), which was neg-
ative when with ELISA.

ELISA performed in a second patient showed
an elevation of IgG against parainfluenza virus
1 (IgG positive — 1.53, cut off — 0.709, index —
2.1). This result, however, is inconclusive

regarding an acute current infection as it rather
confirms a previous encounter with the virus. The
result regarding influenza A infection was also
negative (IgM — 0.355, cut off — 0.832, index —
0.4; and IgG — 0.083, cut off — 0.381, index — 0.2).
The testing time for all eight pathogens
amounted to 22 days (Table 2; Patient 2). The
examination with the FilmArray Panel in this
patient identified the etiologic agent as influenza
A/H1-2009 (Table 3; Patient 2). The identifica-
tion had to be confirmed with a serum hemagglu-
tination inhibition test (HIT), which was done at
the Department of Virology of the Regional
Institute of Public Health, in Banska Bystrica,
Slovakia. The HIT was performed twice
2 weeks apart to assess a possible change in
antibody titers. While in the first sample influ-
enza A and B titers were negative, there was
a significant rise in the antibody titer against
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Table 3 Results of filmarray panel performed in two patients

Pathogen Date Patient 1 Patient 2
Adenovirus 15.01.2013 Negative Negative
Bocavirus 15.01.2013 Negative Negative
Coronavirus HKU1 15.01.2013 Negative Negative.
Coronavirus NL63 15.01.2013 Negative Negative
Coronavirus 229E 15.01.2013 Negative Negative
Coronavirus OC43 15.01.2013 Negative Negative
Human metapneumovirus 15.01.2013 Negative Negative.
Human rhinovirus /enterovirus 15.01.2013 Positive Negative
Influenza A 15.01.2013 Negative Negative
Influenza A/H1 15.01.2013 Negative Negative
Influenza A/H3 15.01.2013 Negative Negative
Influenza A/H1-2009 15.01.2013 Negative Positive

Influenza B 15.01.2013 Negative Negative
Parainfluenza virus 1, 2, 3, 4 15.01.2013 Negative Negative
Respiratory syncytial virus 15.01.2013 Negative Negative
Bordetella pertussis 15.01.2013 Negative Negative
Chlamydophila pneumoniae 15.01.2013 Negative Negative
Mycoplasma pneumoniae 15.01.2013 Negative Negative

Table 4 Hemagglutination inhibition test in Patient 2

Pathogen First sample 21.01.2013 Second sample 07.02.2013 Costs
Influenza A Negative Positive titer — 1:160 Influenza A =2€x2=4¢€
Influenza B Negative Negative titer Influenza B=2€x2=4¢€

influenza A in the second sample. The HIT
assessment took 17 days in all. These results are
shown in Table 4.

Health insurance gave 600 points for each of
the 15 tests, which makes a total 9000 points,
plus 150 points for sample culture from upper
respiratory tract and 320 points for a culture form
lower respiratory tract. Each insurance point has
a value of 0.0066 €. The laboratory therefore
received 59.40 € for running the ELISA and
additionally 3.10 € for the cultures, which sums
up to a total of 62.50 € or 224% of the real
material costs. On the other hand, health insur-
ance gave 2500 points for each of the 21 pathogen
targets in the FilmArray Panel, which makes a
total of 52,500 points and comes to 346.50 € or
210% of the real material costs amounting to
165.00 € per sample. The insurance reimbursed
11.70 € for influenza A and B testing each. Each
type of influenza was tested twice giving the cost

Total cost =8 €

of 46.80 € in total. The actual laboratory costs for
all HIT tests were 8.00 €, which is about 6 times
less than the insurance reimbursement.

4 Discussion

Laboratory testing is generally not recommended
in the evaluation of upper respiratory infections.
Tests for specific pathogens are helpful when
therapy depends on the results. Targeted therapy
is not available for most viruses that cause URI.
Therefore, viral testing is rarely indicated for
uncomplicated URIs in the outpatient setting.
However, confirmation of a viral condition such
as influenza may reduce inappropriate use of
antibiotics (Balentine and Siamak 2015). Consid-
ering the benfits for patient, the speed to identify
the etiologic agent clearly favors the FilmArray
System. This method readily identified the
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etiologic agent in both patients in whom it was
applied in the present study, whereas the HIT
identified the virus only in the repeat sample of
the second patient. However, identification of the
etiologic agent did not have any benefit for the
first patient with mild symptomatology of coryza
because no targeted treatment for human rhino-
virus/enterovirus infection was needed. The
symptomatology in the second patient was severe
and the speed of pathogen identification is crucial
for the commencement of appropriate treatment,
especially in suspected cases of influenza where
early administration of neuraminidase inhibitors
significantly reduces mortality rates. In such
cases, accuratelly targeted therapy has an enor-
mous benefit for the patient. The laboratory costs
to run one examination with different methods
showed that the FilmArray multiplex PCR respi-
ratory panel is more expensive than the ELISA,
HIT, and the cultivation. One examination with
the FilmArray panel brought a 181.50 € per
patient profit for the laboratory, whereas the
profit from running ELISA together with cultiva-
tion was 34.62 €, and that from HIT was 38.80 €
per patient. Therefore, FilmArray respiratory
panel is best in terms of profit margin for the

laboratory and least favorable for health
insurance.
5 Conclusions

Serologic diagnostic methods, such as ELISA
and HIT, cannot identify the pathologic agent
until the host’s immune system elicits a response.
However, advantages of those methods are that
they are readily available in many laboratories
and are least pricey for health insurance. The
disadvantage is that the spectrum of pathogens
detected is small. A clinical benefit of the
FilmArray respiratory panel is that it is quick
and exact and may identify a broader spectrum
of possible pathogens. Since most URIs are viral
in origin and there is no treatment available, the
diagnosis provided by the FilmArray panel is not
always necessary and the method should be used

J. Kompanikova et al.

on an individual basis when clinically justified.
From the economic standpoint, FilmArray respi-
ratory panel is the most profitable for the labora-
tory. In critically ill patients, a spectrum of
diagnostic methods should be used to obtain
diagnosis as fast as possible. In patients with
minor respiratory tract infections, a more rational
approach should be undertaken since the speed
and accuracy of diagnosis are less crucial. The
decision to choose a specific diagnostic method
rests with the medical caregiving staff.
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Abstract

Bartonella species, vector-borne etiologic agents of many systemic or
self-limited infections, are responsible for a widening spectrum of
diseases in humans, including inflammatory conditions of the eye. The
aim of this study was to determine whether there is any relationship
between uveitis and the evidence of Bartonella spp. infection in
the serum, ocular fluid, and cataract mass in patients with intraocular
inflammation. Polymerase chain reaction (PCR)-based tests and DNA
sequencing were performed on surgery-extracted specimens of intraocular
fluid and lens mass of 33 patients. Sera from 51 patients and 101 control
subjects were tested for the presence of specific antibodies against
Bartonella spp. Neither IgM-class antibodies against Bartonella spp. nor
Bartonella spp. DNA were detected. A specific IgG-class antibody was
found in 33.3% of the patients with uveitis. The rate of positive Bartonella
serology was higher among the uveitis patients than that in control
subjects. This high rate may in part result from unrecognized indirect
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mechanisms rather than the immediate presence and multiplication
of Bartonella spp. in the eyeball. Nonetheless we believe that screening
for Bartonella spp. should become part of the diagnostic workup in

uveitis.
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1 Introduction

Bartonellosis is a vector-borne zoonosis caused
by various species of the aerobic Gram-negative
bacteria of the genus Bartonella. To date some
25 species of Bartonella have been described and
three of them are known to cause uveitis (Fiecek
et al. 2012, Drancourt et al. 2008). Pets (dogs,
cats) and wild animals, depending on the geo-
graphical region rabbits, moles, squirrels, deer or
coyotes are reservoirs of infection while fleas,
flies, lice, ticks, and other blood-sucking
arthropods are the vectors. Bartonella spp. are
animal pathogens and man is an accidental host.
Geographical distribution of different Bartonella
species vary, with B. henselae serologically
detected in 3.7-54.6% of cats depending on the
region. In Poland, infections are mostly caused
by B. henselae and B. quintana, with specific
antibodies present in 48% of cats in the capital
city of Warsaw region to 86% in other regions.
Infection is transmitted by a bite or scratch by an
infected cat or by contact of damaged skin or
mucous membranes with the feces of the cat
flea (Ctenocephalides felis) (Reis et al. 2011;
Podsiadty et al. 2009; Breitschwerdt and Kordick
2000).

Up to 7.5% of ticks in Austria and 4.8% in
Poland are infected by B. henselae (Miiller et al.
2016; Sytykiewicz et al. 2012). Exposure to tick
bites is a factor substantially contributing to the
preponderance of a seropositive response to
B. henselae in the forestry workers and farmers
in Poland (Zajac et al. 2015). Bartonella
penetrates the skin and infects the host cell by
sticking to epithelial cells, including vascular
endothelial cells, using trimeric autotransporter

adhesins (TAAs) secreted from the bacterial
outer membrane (Szczesny et al. 2008). The con-
tagion enters the host cell cytoplasm by phago-
cytosis, where it multiplies in phagosome
vesicles. B. henselae can also use a transport-
dependent reorganization of the host cell cyto-
skeleton, with the utilization of the Rho family of
GTPases: Cdc42, Rho, and Rac (Truttmann et al.
2011).

Typical signs of B. henselae infection include
papules or blisters at the bite or scratch site,
enlargement of regional lymph nodes, fever,
headache, and enlargement of the spleen. In
severe cases, typically in immunocompromised
patients, neurological disorders, parenchymatous
inflammation, hepatitis, osteomyelitis, encepha-
litis, glomerulonephritis, endocarditis, or pneu-
monia may develop (Maczka and Tylewska-
Wierzbanowska 2012; Zenone 2011; Podsiadty
et al. 2009). Occasionally, Bartonella infection
can mimic malignancy (Mazur-Melewska et al.
2015). Signs and symptoms of systemic disease
may be accompanied by a variety of ocular
manifestations, which are observed in 5—-10% of
patients. The most commonly reported ocular
manifestations in patients with cat scratch dis-
ease are Parinaud oculoglandular syndrome
(POGS) and optic neuritis (5% of patients), and
retinitis (2% of patients) (Cunningham and
Koehler 2000; Ormerod and Dailey 1999;
Carithers 1985). A review of the literature
shows that infection with B. henselae can cause
inflammation in various locations in the eyeball:
iritis, vitreous inflammation, posterior uveitis,
choroiditis, retinitis and retinal vasculitis
(Kalogeropoulos et al. 2011; Terrada et al. 2009;
Drancourt et al. 2008; Goldstein et al. 2001).
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This study seeks to define the prevalence of
Bartonella spp. infection in ocular uveitis and
retinitis. We addressed the issue by detecting spe-
cific I[gM- and IgG-class antibodies in the serum
and in the intraoperatively extracted specimens of
ocular fluid and cataract mass in patients. This
work is a continuation of previous studies carried
out in patients with cataract, but without associated
uveitis (Chmielewski et al. 2014).

2 Methods

The study was approved by the Bioethics Com-
mittee of the National Institute of Public Health-
National Institute of Hygiene in Warsaw, Poland.
The ocular inflammation group consisted of
51 patients with chronic uveitis or retinitis (F/M
— 36/15) of the mean age of 50.0 + 14.4 years
(range 21-71 years). The disease duration was
8 months to 10 years and some of the patients
suffered from chronic comorbidities (sarcoidosis
and arthritis in four patients each and multiple
sclerosis in two patients). The diagnosis was set
according to the Standardization of Uveitis
Nomenclature Study Group (Jabs et al. 2005).
Laboratory and imaging (fluorescein angiogra-
phy, optical coherence tomography, ultrasonog-
raphy, and plain chest X-rays) examinations
were performed in all patients to determine the
cause of uveitis or retinitis. Of the 51 patients,
33 underwent cataract phacoemulsification sur-
gery and glaucoma surgery (trabeculectomy) was
performed in three patients during follow-up.
Blood samples from patients were collected
for serological testing. The level of specific
antibodies against Bartonella spp. were
evaluated with the indirect immunofluorescence
method using Bartonella IFA IgG test (Focus
Diagnostics;  Cypress, CA), where the
B. henselae and B. quintana cultured in the
Vero cell line were used as the diagnostic
antigens. The titers of >64 were considered pos-
itive. The control group consisted of 101 blood
donors (F/M — 47/54) of the mean age of
48.5 4+ 10.4 years (range 31-65 years).
Specimens of intraocular fluid and the lens
mass removed from the eye during surgery
were tested by polymerase chain reaction (PCR)

for Bartonella DNA. Bacterial DNA from the
collected material was extracted with the
QIAamp Tissue kit (QIAGEN GmbH; Hilden,
Germany) according to the manufacturer’s
recommendations. Extracted DNA was amplified
to detect fragments complementary to NADH
dehydrogenase subunit gamma (nuoG) gene of
Bartonella spp. (amplified PCR product of
346 bp). In two patients, owners of cats, extra
material was collected from three cats, consisting
of two samples of cat saliva and one blood sam-
ple, to check for Bartonella spp. DNA. Data are
reported as means + SD. Statistical elaboration
was done with the chi-squared test. A p-value
<0.05 defines statistically significant differences.

3 Results

The ocular inflammation group included
20 patients with anterior uveitis, 21 patients
with posterior uveitis, nine patients with
panuveitis, and one patient with intermediate
uveitis. In 28 patients, uveitis was unilateral and
in 23 it was bilateral. Idiopathic uveitis was
diagnosed in 28 patients and Fuchs
heterochromic uveitis in 12 patients. Specific
Bartonella spp. antibodies were detected in
17 (33.3%) serum samples from patients (F/M —
5/12) aged 25-74 years.

Positive Bartonella serology was found in six
(40.0%) patients of the 15 patients who did not
undergo surgery and in eleven (30.5%) of the
36 patients who underwent eye-surgery. Of
those with positive Bartonella serology,
IgG-class antibody titer was 64 in nine (17.6%)
patients, 128 in six (11.7%) patients, and 512 and
1024 in one (2%) patient each. IgM-class
antibodies were not detected. Among the patients
with positive Bartonella spp. serology, nine had
cataract phacoemulsification and two had glau-
coma surgery (trabeculectomy) performed. The
results for individual patients are presented in
Table 1 and summary of patients characteristics
in Table 2.

DNA of Bartonella spp. was not detected in
the material collected during surgery from the
anterior eye chamber and lens mass. Nor was it
detected in the three cats tested either. In the
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Table 2 Patients and results

Patients (n; %)

Gender
F 15 (88.2)
M 2 (11.8)
Serologic testing (titer)
64 9 (52.9)
128 5(29.4)
256 1(5.9)
512 1(5.9)
1024 1(5.9)
Co-morbidities
No 10 (58.8)
Yes 7(41.2)
Cat owner
No 15 (88.2)
Yes 2 (11.8)
Scratches
No 14 (82.4)
Yes 3(17.6)

Table 3 Positive serology findings by surgery group

n Positive serology (n; %) p
No surgery 15 6 (40.0) 0.51
Surgery 36 11 (30.6)

control group, specific IgG-class antibodies to
B. henselae antigen were detected in one person
in titer 128. Thus, positive serology was
observed in 17/51 (33.3%) patients with chronic
uveitis and in 1/101 (1.0%) person in the control
group; the difference between the two groups
was significant (p < 0.001).

A higher percentage of patients with positive
serology was observed in a group of patients
without surgery than in those surgically treated
(40.0% vs. 30.6%), although the difference
between these two groups failed to reach statisti-
cal significance (Table 3).

4 Discussion

Bartonelloses is a group of zoonotic infectious
diseases occurring worldwide. Clinical diagnosis
may be difficult to establish because infection
manifestations may widely vary from mild

J. Brydak-Godowska et al.

flu-like symptoms to life-threatening conditions
such as pneumonia, myocarditis, perinephric
abscess, or encephalitis (Rising et al. 2016;
Atice et al. 2014; Rondet et al. 2012; Kaiser
et al. 2011; Boulouis et al. 2005; Eskow et al.
2001). Some patients diagnosed with cat scratch
disease do not develop fever or lymphadenopa-
thy (Robert et al. 2012; Chomel et al. 2006;
Tsuneoka and Tsukahara 2006; Kawasaki and
Wilson 2003; Carithers 1985). The disease
course depends on the immune status of the
host (Lee et al. 2015; Psarros et al. 2012; Resto-
Ruiz et al. 2003).

In spite of a considerable body of research
into Bartonella spp. as an infectious agent in
humans, relatively little is known about human
humoral and cellular immune responses trig-
gered by the exposure to the pathogen. Studies
in rodent models demonstrate asymptomatic bac-
teremia for 5-6 days after infection followed by
the formation of bacterial aggregates and the
invasion of mature erythrocytes with the
intraerythrocytic bacteremia usually subsiding
after 8—10 weeks. At that time, the immune
response occurs, both humoral (increases in
IgM and then IgG levels) and cellular (increased
T-cell counts). Studies of classical facultative
intracellular  parasites, such as Listeria
monocytogenes and Mycobacterium tuberculo-
sis, have demonstrated a major role of the cellu-
lar response in defending the host against
intracellular pathogens. The cellular response,
however, is effective only against those microbes
that parasitize the cells capable of presenting the
major histocompatibility complex (MHC) class
I-dependent pathways of antigen presentation.
The MHC class I molecules occur on the surface
of all nucleated cells, but erythrocytes do not
have nuclei and hence do not express MHC
class I molecules, although there may be some
expression of MHC class II molecules on the
surface of erythrocytes. Thus, proteinic
Bartonella antigens are protected against
sensitized T-lymphocytes with a greater role of
the humoral response manifested as increased
titers of specific IgG immunoglobulins capable
of destroying ‘free’ Bartonella forms before their
entry into erythrocytes (Harms and Dehio 2012;
Koesling et al. 2001).
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Most published studies demonstrate the asso-
ciation of B. henselae infection and various eye
disorders, including optic neuritis, uveitis, or
choroidopathy while the link with B. quintana
or B. grahami is less commonly reported
(Goldstein et al. 2001; Kalogeropoulos et al.
2011; Drancourt et al. 2008). Diagnosis of
bartonellosis or cat scratch disease is based on a
history of scratch or bite by a pet cat or a wild
animal or insect (tick, flea, or louse) bite, clinical
manifestations, and serological tests. According
to Carithers (1985), B. henselae infection most
commonly affects the lymphatic system, followed
by the eye. There are reports of patients with ocular
lesions and specific B. henselae antibodies, but in
some cases without any systemic manifestations,
who deny any contact with animals (Manousaridis
etal. 2015; Robert et al. 2012; Terrada et al. 2009;
Kawasaki and Wilson 2003; Solley et al. 1999).

Of the 51 patients with different types of
uveitis observed in the present study,
17 (33.3%) had antibodies against Bartonella
spp- and two were the cat owners for several
years and had been frequently bitten or scratched
by their pets. According to Blanco Ramos et al.
(1998) approximately 28.9% of cat owners have
positive Bartonella serology but no systemic
manifestations. In the present study, patient num-
ber 8 reported poorly healing scratches on his
hands and arms and low grade fever, cat scratch
disease was diagnosed and treatment with doxy-
cycline was instituted for symptomatic relief.
The remaining patients had sporadic contact
with animals of their neighbors or friends but
did not give a history of animal-inflicted skin
injuries. None of the patients gave a history of
tick-bite, although most could be unaware of
their potential exposure to ticks and tick-borne
infections possibly contracted during leisure
time. Patient number 13 reported that she had
been bitten by a monkey 20 years before and
the wound healed well after topical treatment.
According to Breitschwerdt and Kordick
(2000), bacteremia is observed in 50-90% of
animal populations, which may be the cause of
frequent infections transmitted to humans.

Tick bites are underestimated by both
specialists and the general public as a potential
source of infections caused by Bartonella spp. It

has been documented that from 1.7 to 4.8% of
ticks in Poland are infected with B. henselae.
Further studies are needed to establish the rate
of transmission from ticks to humans and
whether it depends on the length of time the
tick remains attached to the host’s skin. Based
on the data from a Polish study of Sytykiewicz
et al. (2012) and assuming that the rate of trans-
mission may be similar to that of Borrelia, the
number of people infected with Bartonella spp.
from ticks could equal a third of borreliosis
cases. In a study of Terrada et al. (2009) every
third patient with ocular manifestations reported
contact with animals. In patients with full-blown
cat scratch disease, ocular manifestations usually
occur within 1 to 3-8 weeks after onset of sys-
temic disease, most commonly flu-like
symptoms (Cunningham and Koehler 2000;
Wade et al. 2000; Ormerod and Dailey 1999).

Patients in the present study suffered from
chronic ocular inflammation. In none of them
were IgM-class antibodies detected by ELISA,
which might be related to the fact that all had eye
disorders for a relatively long time. IgM-class
antibodies appear immediately after infection
and persist for up to 3 months (Carithers 1985).
The first ocular manifestations of Bartonella
infection are seen late, usually approximately
8 weeks after infection and IgM-class antibodies
are seldom detected (Fiecek et al. 2012). On the
other hand, IgG-class antibodies were detected in
17 patients (33.3%) and their titers varied from
64 to 1024. Positive Bartonella serology was
found in 6 (40.0%) of the 15 patients who did
not undergo surgery and in 11 (30.5%)
eye-surgery patients. According to Sander et al.
(1998), IgG titers of >256 in patients with sys-
temic manifestations of cat scratch disease indi-
cate an active disease, as noted in two patients.
Low IgG-class antibody titers of 64-256 may
indicate the beginning of a disease or much ear-
lier exposure to the pathogen, as noted in
15 patients (Wade et al. 2000). Specific
IgG-class antibodies against Bartonella spp.
may be detected up to 2 years after infection. In
the present study, serological tests detected
Bartonella spp. antibodies more frequently in
patients with uveitis than in controls, although
the two groups differed in size.
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Of the 17 uveitis patients with positive
Bartonella serology, anterior uveitis was
diagnosed in 5 patients, including four patients
with Fuchs heterochromic uveitis. The latter is a
chronic anterior uveitis with documented viral or
protozoal etiology (Jad et al. 2013; Babu and
Murthy 2012; Kongyai et al. 2012; Liu et al.
2011). Posterior uveitis was diagnosed in the
remaining 12 patients and in seven patients it
was associated with retinal periphlebitis. Vascu-
lar changes described in patients with
bartonellosis are associated with vascular endo-
thelial damage (Eiger-Moscovich et al. 2016;
Manousaridis et al. 2015; Robert et al. 2012;
Dehio 2005). In 11 of the 17 patients with posi-
tive Bartonella serology, nine procedures of
phacoemulsification cataract extraction and two
glaucoma surgery procedures (trabeculectomy)
were performed. No Bartonella spp. DNA was
found in the intraoperative specimens removed
during cataract extraction or trabeculectomy
(anterior chamber fluid and phacoemulsified
lens material). We have previously performed a
similar study in patients with cataract without
coexisting uveititis. A total of 109 specimens of
anterior chamber fluid and phacoemulsified lens
material from the nucleus and cortex have been
examined and Bartonella spp. DNA has been
found in specimens from 2 patients. One of
them had a history of central retinal vein throm-
bosis and the other was diagnosed with common
variable immunodeficiency (Chmielewski et al.
2014).

The absence of Bartonella spp. DNA may be
due to the long-term inflammation affecting the
eye treated with the topical or systemic treat-
ment. Of the 17 patients with long-term uveitis
in the present study, only one, a cat owner, was
found to have a full-blown cat scratch disease.
Interestingly, the remaining patients had no evi-
dent systemic symptoms of bartonellosis. It can-
not be excluded, however, that they had had at
the beginning a pauci-symptomatic infection or
their symptoms were diagnosed as a generalized
seasonal infection which quickly resolved. In a
study of Drancourt et al. (2008), among 1321
patients with uveitis of unknown etiology,
which included unilateral and bilateral,
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granulomatous and non-granulomatous inflam-
mation and panuvetitis, Bartonella spp. was
found in 21 patients, which was confirmed by
the examination of ocular fluid in three patients
and by serological testing in 18 patients.
B. henselae was identified in nine, B. quintana
in seven, and B. grahami in four patients. In three
other patients, uveitis was due to undetermined
Bartonella species. In all cases of uveitis caused
by B. henselae, the Huston genotype determined
by DNA sequencing was the offending microor-
ganism. In the present study, we did not observe
any ocular manifestations typical of B. henselae
infection, such as neuroretinitis with a macular
star. A limitation of this study is a small popula-
tion of patients with positive Bartonella spp.
serology, which was borderline in a number of
cases and the fact that ocular fluid samples were
investigated in eye-surgery patients only.

5 Conclusions

We found a higher proportion of positive
Bartonella serology among uveitis patients than
in control subjects, which was also higher rela-
tive to the general Polish population. This high
prevalence of positive Bartonella serology is
likely to result from currently unrecognized indi-
rectly acting mechanisms, e.g., some degree of
immune deficiency, than from the presence and
multiplication of Bartonella spp. in the eyeball,
because its DNA was not identified in the eye-
ball. We believe that screening for Bartonella
spp. infection should be included in the diagnos-
tic workup of uveitis, even when there is no
conclusive history of infection and there are no
systemic manifestations.
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Abstract

The aim of this study was to elucidate body composition, anthropometric
indices, and hydration status in obstructive sleep apnea (OSA) patients,
taking into account different disease stages, gender, and the possibility of
the presence of cachexia. There were 98 OSA patients and 23 control
subjects enrolled into the study. All study participants underwent
polysomnography examination. Body mass index (BMI), fat mass index
(FMI), fat free mass, muscle mass, body cell mass, total body water, and
extracellular and intracellular water were evaluated. The neck, abdominal,
and waist circumference was measured. We found that overweight and
obesity were present in 96% of patients. Cachexia was present in one OSA
individual with comorbidities. Apnea-hypopnea index correlated with the
neck and waist circumference, and with BMI in OSA patients. All muscle
indices and water contents above outlined were significantly higher in
severe OSA compared with control subjects. BMI, FMI, neck circumfer-
ence, and extracellular water were greater in a subset of severe OSA
compared with a moderate OSA stage. The female OSA patients had a
higher FMI than that present in males at a comparable BMI. We conclude
that the most body composition indices differed significantly between
severe OSA patients and control subjects. A higher FMI in females at a
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comparable BMI could be due to a discordance between BMI and FMI.
Cachexia occurs rarely in OSA and seems to coexist with comorbidities.
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1 Introduction

Obstructive sleep apnea (OSA) is a disorder
characterized by repeated respiratory events dur-
ing sleep caused by obstruction of upper airways.
The occurrence of sleep-disordered breathing
leads to the destruction of sleep architecture and
desaturation events (De 2013). The incidence of
OSA is 2% in women and 4% in man. In the
obese population, the percentage of individuals
with positive diagnosis increases to over 20%
(Young et al. 2002). There are a number of risk
factors for OSA, the most important are gender
(males are more predisposed), obesity, age
between 45 and 65, smoking, consumption of
alcohol, sleeping pills, and nasal occlusion
(Plywaczewski et al. 2013; Al Lawati et al.
2009; Young et al. 2004).

Nutritional status is an integral part of the
assessment of patients with OSA. It is well
known that OSA occurs mainly in obese patients;
however, it is also diagnosed in slim individuals.
Nutritional status of OSA patients could be
linked to the inflammatory process (Tasali and
Ip 2008). The visceral fat mass in obese persons
secretes inflammatory agents, but irrespective of
obesity intermittent hypoxia can stimulate
inflammatory pathways which through other
mediators regulate appetite and body mass
(Bonsignore et al. 2012; Yin et al. 2009). In
some chronic inflammatory diseases, e.g.,
chronic obstructive pulmonary disease, heart
failure, or chronic kidney disease, inflammation
is connected with body composition changes and
can cause cachexia (von Haehling and Anker
2010; von Haehling et al. 2007). Cachexia is a

specific form of malnutrition, which is character-
istic of chronic inflammatory diseases with a
decrease in lean body mass while the fat mass
remains unchanged, which makes it relatively
higher (Evans et al. 2008). Cachectic patients
can suffer from malnutrition, be normally
nourished, or even be obese. Considering the
above facts, measurement of body composition
is necessary in a complex assessment of diseases
with inflammation.

The human body is a model built of two
compartments: fat mass (FM) and fat-free mass
(FFM). The FM constitutes about 25% of body
mass and is primarily created from adipose tis-
sue. The main component of FFM is water,
which comprises about 73% and is a component
of muscle mass (MM). The FFM weight can be
divided into extracellular (ECW) and intracellu-
lar (ICW) weight. The former is a replaceable
part of the energy while the latter are fixed
elements such as tendons, plasma, or interstitial
fluid. Bioelectrical impedance analysis (BIA) is a
reliable, non-invasive, safe, and effective tech-
nique of measuring body composition. The BIA
is based on the phenomenon of electrical resis-
tance and the difference in the electrical conduc-
tivity of human body tissues.

There have been several studies presenting a
detailed assessment of nutritional status in OSA
patients, but the occurrence of cachexia in OSA
patients has not yet been examined. In the present
study, therefore, we set out to examine the body
composition, anthropometric indices and the
hydration status in OSA patients, taking into
account the disease severity and patient gender.
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Further, the study seeks to determine whether
cachexia could be an accompaniment of OSA.

2 Methods

The study protocol was approved by the Institu-
tional Review Board at Poznan University of
Medical Sciences in Poznan, Poland (permit
no. 641/15) and all patients gave written
informed consent for the proposed procedures.

The protocol conforms to the principles of the
Helsinki Declaration of the World Medical
Association.

2.1 Patients

One hundred and twenty one adult patients
(96 males and 25 females; mean age 57.8 £ 15.2
and 61.9 & 12.9, respectively) seen in a pulmonary
outpatient clinic with symptoms pointing to the
possibility of OSA were enrolled into the study.
The symptoms consisted of overnight awakenings,
dyspnea during the night, snoring, overnight
arousals, nocturia, a feeling of suffocation or chok-
ing, daytime sleepiness, morning headaches,
fatigue, impaired intellectual function, and
problems with memory and concentration. The
patients were further referred to the Pulmonary
Department for polysomnography (PSG) and
other diagnostic tests. The presence of OSA was
confirmed in 98 patients who became the study
group. A control group consisted of 23 persons,
described as ‘simple snorers’ in whom OSA was
excluded. The OSA group was stratified into three
subsets of patients based on disease severity:
47 persons with severe, 36 with moderate, and
15 with mild OSA.

A detailed medical history was taken from all
patients on admission. Co-existing diseases were
verified based on the medical documentation. In
the OSA group, 7% of patients were treated for
heart insufficiency, 4% were diagnosed with

chronic obstructive pulmonary disease (COPD),
and 7% had chronic renal diseases.

2.2 Polysomnography
Diagnostic tests were conducted in a sleep labo-
ratory during hospitalization in the Department
of Pulmonology, Allergology and Respiratory
Oncology of Poznan University of Medical
Sciences in Poland. All study participants
underwent complete overnight, supervised
polysomnography using an Embla S4000 sleep
diagnostics setup (Natus Medical Inc.,
Pleasanton, CA). The following variables were
recorded: electroencephalogram (EEG), electro-
myogram (EMG), electrooculogram (EOGQG),
electrocardiogram (ECG), blood oxygen satura-
tion (pulse-oximetry), nasal and mouth airflows
(thermistor, nasal cannula), breathing
movements of the thorax and abdomen, sounds
while breathing (snoring), and sleep position.
Severity of OSA was determined according to
the American Academy of Sleep Medicine
(AASM) guidelines, with the apnea/hypopnea
index (AHI) > 5 adopted as the diagnostic crite-
rion. OSA severity was determined as follows:
mild — 5 < AHI < 15 (15 patients; F/M — 4/11),
moderate — 15 < AHI < 30 (36 patients; F/M —
7/29), and severe — AHI > 30 (47 patients; F/M —
7/40). The Epworth Sleepiness Scale (ESS) was
used to measure daytime sleepiness.

23 Body Composition

Body composition was evaluated by using
a bioimpedance method (AKERN BIA 101;
SMT Medical, Wuerzburg, Germany). The test
was done in the morning following the
polysomnographic examination after fasting
without beverages and physical activity for at
least 12 h before the measurement, and in a
room at controlled temperature of 21 °C. Weight
and height of each patient was taken using a
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beam scale with the accuracy of 0.1 kg and 1 cm,
respectively.

This non-invasive test involves the place-
ment of two electrodes on the person’s right
hand and right foot. Tissues that contain large
amounts of fluid and electrolytes, such as the
blood, have high conductivity; and fat and bone
slow the signal down. The flow of current is
affected by the amount of water in the body.
The device measures how the signal is impeded
through different types of tissue. The following
indices of body composition and hydration sta-
tus were determined: body mass (BM), fat mass
(FM), fat free mass (FFM), muscle mass (MM),
body cell mass (BCM), extracelullar water
(ECW), intracellular water (ICW), total body
water (TWC). The indexes of these parameters,
BMI, FMI, FFMI, MMI, BCMI, ECWI, and
ICWI, were calculated as component of body
mass/height in m?,

The BMI normal range was adopted as
18.5-24.9 kg/m*. Overnutrition was diagnosed
with 25.0 < BMI < 29.9 kg/m?. Obesity was
defined as BMI > 30 kg/m? and malnutrition as
BMI < 18.5 kg/m®> (White et al. 2012).
Cachexia was defined as FFMI < 16.0 kg/m?
for males and 15.0 kg/m® for females
(Vanltallie et al. 1990).

Neck circumference (NC), abdominal circum-
ference (AC), and waist circumference
(WC) were measured using a non-stretchable
plastic tape with the subjects standing upright.

24 Statistical Analysis

Data were expressed as means £ SD. Differences
between groups of patients were evaluated using
the Student’s #-test or Mann-Whitney U test as
required. Associations were examined using
Pearson’s or Spearman’s rank correlation
coefficients, depending on data distribution. A
p-value < 0.05 defined statistically significant
changes. The evaluation was performed using a
commercial GraphPad Prism ver. 5.0 packet.

B. Kuznar-Kaminska et al.

3 Results
3.1 Body Composition

and Hydration in OSA Patients
and Control Subjects

Patient characteristics are presented in Table 1.
The BMI in OSA patients ranged from 22.0 to
55.4 kg/m?, with the mean of 34.1 + 7.0 kg/m?.
Ninety four (77.7%) patients were overweight,
23 (19.0%) obese, and 4 (3.4%) had the BMI
within normal range. None of the patients had
underweight.

The FFMI in OSA patients ranged from 7.7 to
31.6 kg/m?, with the mean of 21.8 + 3.9 kg/m>.
The lowest FEMI of 7.7 kg/m? was present in an
overweight patient with BMI 27.2 kg/m>. This
patient suffered from COPD and chronic renal
failure. Other than that, FFMI was normal, but in
13 (13.2%) patients it was in the lower range of
values (<18 kg/m?). Among those patients, two
suffered from chronic renal failure, and one from
heart insufficiency.

Table 1 Body composition and water content
characteristics of OSA patients and control subjects
OSA Control p-value
Age (year) 58.6 = 14.8 |54.0 = 11.8 |0.059
Height (m) 1724009 |1.734+0.09 |ns
Weight (kg) 100.7 £21.1 [83.2+ 145 |<0.001
BMI (kg/m?) |34.1+7.0 278+ 4.0 |<0.001
AHI (events/h) |37.3 +23.8 <5.0 <0.001
NC (cm) 432+ 34 39.7+32 | <0.001
AC (cm) 1126 £ 155 [98.9 +12.7 | <0.001
WC (cm) 107.8 £ 13.7 [95.6 £ 11.1 | <0.001
FMI (kg/m?) 121 +£5.0 7.6 +38 <0.001
FFMI (kg/m?) |21.8 +3.9 202 +32 |ns
BCMI (kg/m?) |12.4 + 3.2 124423 |ns
MMI (kg/m?) | 152 +2.7 147435 |ns
TWCI (L/m%)  [16.7 £2.6 150 £22 |0.005
ECWI (L/m% |6.1 £0.9 73+ 1.5 <0.001
ICWI (L/m» 9.1 +2.1 94+ 1.6 ns

BMI body mass index, NC neck circumference, AC
abdominal circumference, WC waist circumference, FMI
fat mass index, FFMI fat free mass index, BCMI body cell
mass index, MMI muscle mass index, TWCI total water
content index, ECWI extracelullar water index, ICWI
intracellular water index, ns non-significant



Body Composition, Anthropometric Indices and Hydration Status of Obstructive. . . 47

Body composition of OSA patients differed
significantly from that of the control subjects
with regard to fat body components. The weight,
BMLI, and FMI of OSA patients were higher than
those of ‘simple snorers’. However, indices
describing lean body mass, FFMI and MMI, did
not differ between the two groups (Table 1).

OSA patients had a larger neck, abdominal,
and waist circumferences than those in control
subjects. These circumferences were related to
AHI in OSA patients (Fig. 1a, b and ¢). The AHI
also correlated with BMI, FMI, and FFMI
(Fig. 1d, e and f). The mean TBWI and ECWI
were significantly higher in OSA patients than
those in control subjects. This relationship was
not confirmed for ICWI.

3.2 Body Composition
and Hydration with Reference

to OSA Severity

A comparison of body composition, anthropo-
metric indices, and water content between
patients of different OSA severity and control
subjects is presented in Figs. 2 and 3. There
was no difference among any of the indices

between the mild and moderate OSA groups.
There were, however, significant differences in
all indices, except for MMI and ICWI, between
severe OSA and control subjects. In addition,
indices related to fat mass such as BMI, FMI,
and NC differed significantly between severe and
moderate OSA groups. NC also differed between
severe and mild OSA. TBWI differed between
severe OSA and control subjects (p < 0.05).

3.3 Body Composition
and Hydration with Reference

to Gender

A comparison of body composition, anthropo-
metric indices, and water content in male and
female OSA patients is presented in detail in
Table 2. Both men and women were of compara-
ble age, and had a comparable AHI and daytime
sleepiness assessed with the ESS scale. On aver-
age, men’s weight was significantly greater than
that of women, at a comparable BMI. All women
(BMI range from 25.2 to 48.9 kg/m?) and 95% of
men (BMI range from 25.7 to 55.4 kg/m?) were
overweight or obese. The remaining 5% minority
of men had BMI within normal range. Body cell
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Fig. 1 Correlation between apnea-hypopnea index body mass index (BMI), (e) fat mass index (FMI), and (f)

(AHI) and (a) neck circumference (NC), (b) waist cir-
cumference (WC), (¢) abdomen circumference (AC), (d)

free mass index (FFMI) in OSA patients
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Table 2 Gender-dependent differences in body compo-
sition and water content in OSA patients

OSA men OSA women | p-value
Height (m) 1.75 £ 0.08 |1.60 +0.07 | <0.001
Weight (kg) [103.2+£21.2 |90.1 4 17.5 |0.017
BMI (kg/m?) [338+68 |3544+77 |ns
AHI (events/ |38.8 244 |30.6+20.2 |ns
h)
ESS 9.8 +5.0 83 +£5.5 ns
NC (cm) 44.0+2.8 [392+29 <0.001
AC (cm) 113.9 + 14.6 [106.5 + 182 |ns
WC (cm) 109.2 + 12.4 |[101.5 + 17.7 |0.034
FMI (kg/m?) | 1124423 162 +59 <0.001
FEMI (kg/m?) [22.4 +2.6 192427 {0.001
BCMI 127+ 2.4 11.0+£12  |0.004
(kg/m?)
MMI (kg/m?) |15.6 + 2.8 135+ 14  |0.002
TWCI (L/m%) [17.1 +£26 148419 |0.004
ECWI (L/m2) |7.5+ 14 63+ 12 <0.001
ICWI (L/m?*) [9.6 £ 1.7 85409 <0.001

BMI body mass index, AHI apnea/hyponea index, ESS
Epworth sleepiness scale, NC neck circumference, AC
abdominal circumference, WC waist circumference, FMI
fat mass index, FFMI fat free mass index, BCMI body cell
mass index, MMI muscle mass index, TWCI total water
content index, ECWI extracelullar water index, ICWI
intracellular water index, ns non-significant

mass, muscle mass and fat free mass were signif-
icantly greater in men. Likewise, water content
measured in all compartments was greater in men
than in women.

4 Discussion

In the present study, we sought to determine
body composition and water content distribution
in OSA patients with a different intensity of
disease symptoms. We also took into account
nutritional status of patients and possible
gender-dependent differences in disease presen-
tation. We found that a number of indices inher-
ent for obesity and metabolic syndrome, such as
body mass index, neck, abdomen, and waist
circumferences, muscle mass indicators were
significantly enhanced in OSA patients com-
pared with the control group consisting of ‘sim-
ple snorers’. These indices were also associated
with disease severity. The results demonstrate

that AHI was most related to cervical obesity.
These results are different than those of Lovin
et al. (2010) who have reported that abdominal
adiposity was the best predictor of OSA sever-
ity. Previous studies have confirmed that obesity
in OSA is related to inflammation. Acute sleep
deprivation  activates the  hypothalamic—
pituitary—adrenal axis, inhibits the growth hor-
mone (GH)/insulin-like growth factor-1 (IGF-1)
axis, increases proinflammatory cytokines,
induces insulin resistance, all of which
facilitates the development of metabolic syn-
drome (Kyrou et al. 2006; McEwen 2006;
Spiegel et al. 2004). On the other hand, chronic
inflammation could be connected with cachexia,
a feature of other chronic diseases (von
Haehling et al. 2007). In COPD patients, obe-
sity and co-existing cachexia have been
demonstrated (Furutate et al. 2011). Taking
that into account, some OSA patients could be
potentially predisposed to cachexia. The mean-
ing of cachexia in OSA is elusive. In the present
study, we found only one OSA patient with
decreased FFMI independently of other fat
mass indices, who was a patient with COPD
and chronic kidney disease. Thirteen (13.2%)
OSA patients had lean body mass indicators
within the limit of normal values. Among
them, three patients had co-existing chronic
diseases that could be related to cachexia.
Moreover, we show that FFMI and MMI did
not differ between OSA patients and control
subjects, although BMI and FMI were signifi-
cantly higher in OSA patients. The predomi-
nance of obesity over cachexia could be a
consequence of enhanced appetite and positive
energy balance, both of which are connected
with release of specific inflammatory factors in
response to chronic sympatho-adrenal activation
in OSA (Nadeem et al. 2013; Spiegel et al.
2004).

Apart from the little explained role of energy
balance in OSA, the role of body water content
has been studied less often. We found an
increased index of total water content, while
the extracellular water was decreased in OSA
patients. This result is different from increased
extracellular and decreased intracellular water
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content reported in a study of Kosacka et al.
(2013). Changes in body water distribution in
OSA patients could be a consequence of
increased atrial natriuretic peptide excretion
and disturbance of the renin-angiotensin-aldo-
sterone activity (O’Hearn et al. 2009; Redolfi
et al. 2009)

In the present study we demonstrate that
BMI, FMI, and neck circumference, i.e., indices
closely associated with obesity, were signifi-
cantly greater in severe than moderate OSA.
No appreciable differences were observed in
body composition and anthropometric indices
between mild and moderate OSA. The lack of
differences of indices between mild and moder-
ate OSA subsets could stem from a relatively
small number of patients classified as having
mild OSA.

Gender comparison demonstrates that there
were differences in body composition, anthropo-
metric indices, and hydration status in OSA
patients despite the matching regarding BMI
and AHI. Women had a greater fat mass with a
lower content of fat free mass and muscle mass,
which is in line with the results present in the
general population. Previous studies have shown
that a greater fat mass at a comparable BMI in
females could be due to a discordance between
fat mass and BMI present in women but not in
men, which can, in turn, result in a reduced bone
mineral density in women (Zhu et al. 2017).

Taken together, the present study confirmed
the relationship between OSA and obesity. Most
of body composition indices differed between
severe OSA and control subjects, but there were
no major differences between OSA severity
subsets. There were also gender differences,
notably characterized by BMI and muscle fat
discordance in women suffering from OSA.
Cachexia rarely occurs in OSA patients and
when it does it seems a feature of accompanying
chronic comorbidities such as COPD, renal
insufficiency, or heart failure. The possible pres-
ence of cachexia in OSA should be further
explored in another study designs.
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