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HCV genotype shift occurred over the
15 years in PWIDs in the Czech Republic

Krekulova L."2, Rehdk V.23, Oktdbec Z.%3, Vacek J.3

4™ Department of Internal Medicine, 1st Faculty of Medicine, Charles University and General University Hospital in Prague, Czech Republic
?Remedis, s.r.o., Prague, Czech Republic
*Department of Addictology, Ist Faculty of Medicine, Charles University and General University Hospital in Prague, Czech Republic

ABSTRACT

Objectives: To follow on the epidemiology of HCV, espe-
cially genotypes spreading among people who inject drugs
(PWID) in Prague and surrounding Central Bohemia, Czech
Republic.

Methods: 546 patients who reported past and/or recent
injecting of drugs were recruited in the years 2010-2012.
They were initially tested for anti-HCV. Real-time PCR was
used for quantification and genotyping of hepatitis C virus.
Obtained data from the years 2010-2012 were compared
with historical controls from periods of 1998-2000 and
2005-2007.

Results: Of 546 initially recruited and tested patients were
393 (72%) anti-HCV seropositive and of them 269 (68.4%)

SOUHRN

Krekulova L., Rehdk V., Oktdbec Z., Vacek J.: Vyvoj
v zastoupeni genotypli HCV u injekénich uzivatelti drog
v Ceské republice béhem 15 let

Cil: Pokracovat ve sledovani vyvoje epidemie HCV infek-
ce, zvIasté genotypového zastoupeni u injekénich uzi-
vatel drog (PWID) v Praze a strednich Cechach.
Metody: V letech 2010-2012 bylo zafazeno 546 pacientd,
byvalych ¢i soucasnych injekénich uzivatell drog, ktefi
byli vstupné testovani na pritomnost anti-HCV protilatky,
u pozitivnich byla pomoci Real-time PCR provedena kvan-
tifikace a genotypizace viru. Ziskana data z let 2010-2012
byla nasledné porovnana s kontrolnimi skupinami z obdobi
let 1998-2000 a 2005-2007.

Vysledky: Z 546 zarazenych a testovanych pacientd bylo
393 (72 %) anti-HCV pozitivnich; z nich 269 (68,4 %) mélo

INTRODUCTION

Hepatitis C remains the most prevalent blood borne
disease, affecting predominantly people who inject
drugs (PWID) in the Czech Republic (CR). In contrast
with common population in CR where the historical
HCV prevalence used to be very low [1], the transmis-
sion in PWIDs in CR [2] is still ongoing in relatively
constant fashion. The introduction of broad variety
of preventative and awareness programs in early ni-
neties of the last century has apparently had a favo-
rable influence on the control of HIV transmission in
PWID group and the number of reported cases of HIV

had detectable HCV PCR RNA. The most prevalent subtype
was 3a in 97 patients (36.1%), 1a was detected in 85 patients
(31.6%) and 1b in 57 patients (21.2%). These three genotypes
were responsible for nearly 89% of infections.
Conclusion: Significant increase in both genotypes 1a and
3a over the 15 years was apparent and significant, follo-
wed by the decrease in genotype 1b. In the genotype 1b
and genotype 3a the significance has risen with the years
of data collection. Described genotypic shift reflects the
evolution of HCV epidemics and corresponds with the
mode of transmission.

KEY WORDS
HCV - HCV genotypes - people who inject drugs - Czech
Republic

detekovatelnou HCV PCR RNA. Nejcastéjsi subtyp HCV
byl 3a u 97 pacientt (36,1 %), 1a u 85 pacientl (31,6 %) a 1b
u 57 pacientl (21,2 %). Tyto tfi subtypy byly zodpovédné
za témér 89 % infekci ve zkoumané skupiné.

Zaveéry: Byl potvrzen statisticky vyznamny narlst v zas-
toupeni genotypl 1a a 3a se soucasnym poklesem frekvence
genotypu 1b. U genotypu 1b a genotypu 3a narlstala
statistickd vyznamnost zmén v zavislosti na roce zachytu.
Popsany genotypovy posun odrazi vyvoj epidemie HCV
a odpovida aktualné prevazujicimu zpdsobu prenosu HCV
infekce.

KLICOVA SLOVA 3
HCV - genotypy HCV - injek¢ni uzivatelé drog (PWID) - Ceska
republika

Epidemiol. Mikrobiol. Imunol, 68, 2019, ¢. 1, s. 3-8

remains low and stable [3]. Such interventions were
only partially effective in the case of HCV because of
virus higher infectivity and complex nature of HCV
transmission [4, 5].

PWIDs are generally a group which is difficult to access
and manage [6]. Only part of the users is aware of their
infection status, thus low-threshold harm reduction in-
terventions, such as needle-syringe exchange programs
(NSP) and opioid substitution treatment (OST), including
testing for HCV and treatment of HCV, are primary pre-
requisities for HCV control [7].

HCV genotype distribution possesses distinct epidemiolo-
gical patterns in different countries and regions. There is

2019,68,¢1  EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE
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increasing evidence that the mode of transmission could
favor propagation of certain genotypes [8].

Particular genotypes are directly related to clinical out-
comes and also determine treatment schedules [9]. The
importance of HCV genotypes and subtypes has gained even
higher significance with the latest directly acting antivi-
rals (DAA) [10, 11], where the treatment must be tailored
precisely according to the subtype, disease stage and resi-
stance scenario. The upcoming pangenotypic medication
combinations might resolve this complicated situation.
HCV genotype distribution evolves in specific populations
in particular locations over time, as was reported on ma-
ny occasions [8, 9]. Changes in the routes of transmission
are considered as one of the major determinants of HCV
genotypic shift. Genotypes la and 3a have recently been
spread mainly by the risky activities such as injecting
drugs or risky tattooing in certain groups.

In our previous work we looked at the genotypes in two
papers. In the first publication which was a pilot study,
we described 1b as dominating genotype in CR. It was
a reflection that 1b used to be a baseline genotype at
the beginning of the epidemic [12]. With the ongoing
widespread habit of injecting drugs in CR we further
noticed the changes in HCV epidemiology and genotypic
shift in favor of 1a and 3a genotypes as we described in
the second paper [13]. The comparison with the 2010-2012
periods will follow in Table 2. Based on the literature, our
previous and current experience we expect continuous
changes in HCV epidemiology. In this work we further
follow on the development in the distribution of geno-
types in the population of CR.

Remedis, where all work has been done, is multidisci-
plinary outpatient clinic. It provides various services for
drug users in one place together with regular medical ca-
re and non-medical services, e.g. OST, social programs,
etc. Program of Comprehensive Care was established in

Table 1. Characteristics of patients in 2010-2012 (N/I: not investigated)

1997 with the goal to reach drug users and to offer timely
and targeted specific health care services for drug users
including the individually tailored HCV therapy. The
“under-one-roof concept” was established at that time
and subsequently became a current good practice. With
this approach Remedis evolved in the largest HCV tre-
atment center in the country, which further enhances
the impact of the treatment-as-prevention approach
applied within this risk group in this clinic.

CR belonged and still belongs to countries with low
HCV prevalence. Unfortunately, data available on
HCV prevalence in CR are scarce. The last published
serological survey was performed in 2001, where the
general anti-HCV seroprevalence was 0.2% [1]. More
recent data are based on estimates only, where the
viremic prevalence was estimated to be 0,4% and se-
roprevalence was back calculated as 0,6% in 2012 [14].
We believe that the prevalence in general, especially
older population in CR was low and remains so also at
present. This is witnessed by the limited number of
liver transplants secondary to HCV infection [15], low
numbers of HCV captures in general laboratories and
transfusion facilities [16].

The only published multicentric study described the
average country HCV seroprevalence in PWID within the
range of 30%, although there were found broad variations
among regions and the highest prevalence was detected
in large cities [17]. Substantial drop in the HCV incidence
in CR could be achieved in reasonably brief period of ti-
me, provided the focused prevention, identification of
those infected and fully accessible DAA treatment will
be available without restrictive limits.

Objectives
The aim of the work was to monitor the epidemiological si-
tuation and the spread of viral hepatitis C in the population

whole period 2010 20m 2012
number of patients 546 180 192 174
males 356 65.2% 115 128 13
females 190 34.8% 65 64 61
mean age 30 29.74 29.91 30.45
number of anti-HCV tests 546 180 192 174
negative 153 28.0% 61 52 40
positive 393 72.0% 19 140 134
anti-HCV positives 393 19 140 134
males 269 87 93 89
females 124 32 47 45
mean age anti-HCV positives 31 31.04 30.37 30.87
number of PCR HCV RNA tests 393 19 140 134
PCR HCV RNA positives 269 68.4% 81 98 90
PCR HCV RNA negatives 123 31.3% 38 41 44
N/I (not investigated) 1 0.3% 0 1 0
PCR HCV RNA positives 269 81 98 90
males 184 62 63 59
females 85 19 35 31

EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE 2019, 68, ¢.1



of PWID in Prague and Central Bohemia, in particular to
monitor the representation of individual HCV genotypes in
this subgroup and to compare the results with
our data published in the past. The genotypes
found in the cohort of patients from the years
2010-2012 were compared with the pilot groups
investigated in 1998-2000 and 2005-2007.

PATIENTS AND METHODS

Patients for current work (the last group)
were recruited over the years 2010-2012. The
basic demographic data and epidemiological
and clinical characteristics were obtained
from each patient on admission to the study.
The study was designed as prospective mo-
nocentric study among all PWIDs who were
for the first time registered for HCV infection
screening (or diagnosis confirmation) with-
out any relation to further individual’s co-
operation or participation in any subsequent
treatment programs. None of the recruited
subjects in this study were included in our
previous papers.

Study population
All subjects enrolled in the study over the

PUVODNI PRACE

inconclusive _\ /_

not available

years 2010-2012 were residents of the Czech  Graph 1. Percentage representation of main genotypes in three periods

Republic. All enrolled subjects admitted past

or current injecting habit (PWID). They were consecu-
tively referred from cooperating street-work programs
or low-threshold facilities or self-referred to Remedis.
Informed consent with testing and participation in
the study was obtained from all subjects prior to initial
interview.

Laboratory methods

The anti-HCV tests and HCV RNA detection, genotype
and subtype identification were performed in certified
laboratories (ISO 15198) with standard, validated and
certified methods. AntiHCV was tested by Monolisa
anti-HCV version 2, BioRad, SA. Anti-HCV positive
samples (or those suspected from acute HCV) were
tested by RT-PCR.

The assessment of HCV RNA in blood samples was done by
standardized PCR method (COBAS® AmpliPrep/COBAS®
TagMan HCV Test, Roche Molecular Systems, Inc.,
Branchburg, NJ, 08876 USA) with limit of detection 15 IU/
ml and linearity 43-6,9 x 107 IU/ml and genotyping was
performed in samples with detectable viremia (COBAS®
HCV GT, Roche Molecular Systems, Inc., Branchburg,
NJ, 08876 USA).

In the two previous historical cohorts the direct sequen-
cing of NS5B locus was used as the most reliable method
at that time [12, 13].

The statistical data were processed with SPSS Pearson
Chi-Square Tests and Z-tests with Bonferroni correction
were used for comparison of the three above described
periods.

RESULTS

546 new patients, meeting above mentioned criteria
were newly registered in Remedis in Prague in the years

2010-2012. Majority of them were males (65%), average
age of the whole group was 30 years. The basic demogra-
phicdata and epidemiological and clinical characteristics
are described in the Table 1.

All study participants were tested for HIV with negative
result.

393 patients (72%) were anti-HCV seropositive and of
them 269 were viremic (HCV RNA positive). Amongst
HCV replicating patients, there were 184 males and 85
females. Genotype composition is shown in the Graph 1.
The most prevalent subtype was 3a in 97 patients (36.1%),
1a was detected in 85 patients (31.6%) and 1b in 57 patients
(21.2%). These three genotypes were responsible for near-
ly 89% of infections, the rest (4.2%) consisted of mixed
genotypes or undistinguishable genotype 1, 1 patient
had genotype 2. 7.1% of samples were not typeable for
different reasons.

Genotype representation in 2010-2012 is summarized in
Table 3 and Craph 1.

For the comparison with the two previous time periods
(1998-2000 and 2005-2007) see the Table 2 where the
characteristics of patients are shown and Table 3 where
the genotype comparison is shown.

The development (genotype shift) of main genotypes over
these three periods is depicted in Graph 2.

Increase in both genotypes 1la and 3 over the years was
apparent and significant, followed by the decrease in
genotype 1b.

We have performed the Pearson Chi-Square Tests and
Z-tests with Bonferroni correction for comparison of the
three periods. As the results indicate there were statisti-
cally significant differences between the groups in the
meaning of Pearson Chi-Square Tests (p < 0.001). When
the Z-tests with Bonferroni correction were applied, the
results showed that in the three genotypes tested (la,
1b and 3a) there were significant statistical differences.

2019,68,¢.1  EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE
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Table 2. Comparison of patients in the three periods (N/I: not investigated)

1998-2000 2005-2007 2010-2012

number of patients 53 222 546

males 29 54.7% 154 69.4% 356 65.2%
females 24 45.3% 68 30.6% 190 34.8%
mean age 22 27 30

number of anti-HCV tests 53 222 546

negatives 5 9.4% 7 3.2% 153 28.0%
positives 48 90.6% 215 96.8% 393 72.0%
anti-HCV positives 48 215 393

number of PCR HCV RNA tests 53 222 393

positives 53 222 269

negatives 0 123

N/I (not investigated) 0 1

PCR HCV RNA positives 53 222 269

males 29 154 184

females 24 68 85

In the genotype 1b and genotype 3a the significance of
differences of relative prevalence has risen with the years
of data collection (p < 0.001 in the genotype 1b for period
1998-2000 vs. 2005-2007 comparison and p = 0.019 for pe-
riod 2005-2007 vs. 2010-2012 comparison, in the genotype
3ap=0.014 and p < 0.001 respectively). The prevalence of
genotype la in period 2005-2007 was significantly higher
in comparison with the genotype 3a prevalence between
all periods (p = 0.038).

DISCUSSION AND CONCLUSION

In the three subsequent three-year periods we compared
our observations and genotyping data of unique newly re-
gistered patients. Although ageing, the HCV infected po-
pulation in the CR is still relatively young, males remain

Table 3. Comparison of particular genotypes in three periods

predominant. The most significant change observed was
the steady decrease of initially dominant HCV subtype
1b. Observed directions in genotypic shift testify rather
for ongoing HCV epidemic than for stabilized prevalence
in the population. The described trends in the evolution
of HCV genotypes distribution possess some similarities
with other countries. We might assume backwards, that
the onset of HCV epidemic among PWID in CR occurred
in the times of political isolation and that the initial
source was similar like in common population infected
from blood transfusions and other medical interventions
before 1992. Other subtypes might have been introduced
in subsequent years, after the political release from the
sources abroad where the 1a and 3a are widely prevalent
in high-risk populations. Unlike some countries though,
where the incidence of one of the genotypes dominates
(either la or 3a) [18], in CR we can see the increase in both

genotypes 1998-2000 2005-2007 2010-2012

1 0 0.0% 0.0% 8 3.0%
Ta 14 26.4% 40.5% 85 31.6%
1a/1b 0 0.0% 0.0% 1 0.4%
1b 34 64.2% 351% 57 21.2%
1b/3a 0 0.0% 0.0% 1 0.4%
2 1 1.9% 0,00% 1 0.4%
2a 0 0.0% 0.5% 0 0.0%
2b 0 0.0% 0.5% 0 0.0%
3 3 5.7% 0.0% 0 0.0%
3a 0 0.0% 23.4% 97 36.1%
not available 0 0.0% 0.0% 4 1.5%
inconclusive 1 1.9% 0.0% 15 5.6%
Total 53 222 269

EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE 2019, 68, ¢.1
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Graph 2. Genotype composition in 2010-2012
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36,1% | genotype la

31,6% W genotype 1b
genotype 3/3a

23,4%

2010-2012

Genotype 1-8 patients (3.0%), genotype 1a - 85 patients (31.6%), genotype 1a/1b: 1 patient (0.4%), genotype 1b - 57 patients (21.2%), genotype
1b/3a - 1 patient (0.4%), genotype 2 - 1 patient (0.4%), genotype 3a - 97 patients (36.1%), in 15 patients genotyping was inconclusive (5.6%) and

in 4 patients (1.5%) wasn’t available.

la and 3a genotypes. It might be interesting to follow
on the further development and result of the “race” of
the two competing genotypes. Detailed and updated
knowledge of HCV epidemiological characteristics in
particular regions can help in precise targeting of eradi-
cation campaigns. With the WHO and other authorities
goal of HCV elimination in the context of current highly
efficacious antiviral treatment [19] the urgent need to
precisely document the epidemiological situation and to
track all risk groups, excluded communities and another
possible reservoirs of HCV possess the greatest challenge.
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ABSTRACT

In 2017 chronic hepatitis C (CHC) seems to be a curable disease
in most cases. Analysis of epidemiologic data of hepatitis C virus
(HCV) infection gained from a primary care office shows how HCV
is underdiagnosed in the Czech Republic (CZ). The importance
of primary care in screening of HCV infection is shown, as is the
necessity of spreading information about this disease between
common population and healthcare workers. The aim of the study
is to determine seroprevalence of HCV antibodies and HCV ribo-
nucleic acid (RNA) positivity among registered patients with risk
factors (RF) in medical history in one physician s practice. 1620

SOUHRN

Dyrhonova M., Haskova K., Vranova J., Chlibek R.: Prevalence
infekce virem hepatitidy C u dospélych s rizikovymi faktory

Chronickou hepatitidu C (CHC) Ize v soucasné dobé jiz pokla-
dat za vylécitelné onemocnéni v naprosté vétsiné pripadu.
Analyza epidemiologickych dat o infekci virem hepatitidy C
(HCV) ziskanych v ambulanci praktického Iékare (PL) poukazuje
na podhodnocen( této diagndzy v Ceské republice. Ukazuje na
ddlezitost primarni péce ve vyhledavani HCV infekce v populaci
i na potrebu Sifeni poznatkl o této nemoci mezi laiky i zdravot-
niky. Cilem této prace je stanoveni prevalence anti HCV pro-
tildtek a pritomnosti ribonukleové kyseliny (RNA) HCV u jedinct

INTRODUCTION

HCV can have an acute or chronic course of disease.
Acute hepatitis is most commonly asymptomatic and
is seldomly diagnosed. Chronic hepatitis can be symp-
tom free for years, but the long-term inflammatory
necrotic processes in the parenchyma of the liver lead
to significant increase in morbidity and mortality with
increased risk of liver cirrhosis (CIH), hepatocellular
carcinoma (HCC), risk of hepatic failure and extrahe-
patic manifestations [1-4]. Disease, which remains un-
noticed for years, is often diagnosed when symptoms
first appear, this often signalizes significant damage to
the liver with all consequences and complications that
are responsible for 500 000 deaths yearly worldwide [5].
The global prevalence of hepatitis C (HC) is 3%. 180-200
million individuals infected with HCV are reported in
total [6]. In Europe there are 9 million individuals with
CHC, the prevalence is 0.5-3.5%, with the highest oc-
currence in the Mediterranean [7, 8]. Genotype (CT) 1
is most common in Europe and the USA, however the
number of people infected with GT 3 is rising rapidly in

complete follow-ups of registered clients were accomplished du-
ring a 10-month period between 2016 and 2017 in the office of one
general practitioner (GP). Amongst those 627 were confirmed
to have RF. Each client with RF was tested for HCV antibodies,
including detection of HCV RNA via polymerase chain reaction
(PCR) method in cases of HCV antibodies positivity. 19 anti HCV
positive clients were found, with a prevalence of 3.03%, 5 were
HCV RNA positive, with a prevalence of 0.8%.

KEY WORDS
HCV infection - underdiagnosed - screening - primary care

s rizikovou anamnézou v ambulanci PL. Béhem 10 mésicl v roce
2016-2017 bylo v jedné ambulanci PL provedeno 1620 komplex-
nich vysetfeni registrovanych klientl. Z téchto vysetrenych bylo
627 urceno jako rizikovych. Kazdy rizikovy jedinec mél proveden
test na detekci anti HCV protilatek, véetné detekce HCV RNA
metodou polymerdzové retézové reakce (PCR) v pripadé anti
HCV pozitivity. Anti HCV pozitivnich bylo celkem 19, prevalence
3,03 %, z nich 5 mélo detekovanou HCV RNA, prevalence 0,8 %.

KEYWORDS
HCV infekce - podhodnoceni - vyhledavani - primarni péce
- séroprevalence

Epidemiol. Mikrobiol. Imunol, 68, 2019, ¢. 1, s. 9-14

Europe, including CZ [9-17]. The prevalence in CZis 0.6%
of the population, which is at least 60 000 patients [18].
Currently, the number of newly reported cases of HCV
infected people is around 750-950 people annually [19].
A seroprevalence overview was conducted in CZ in 2001
and the prevalence of antibodies was 0.2% [20]. After this
no other larger overview has been conducted for 14 years,
butitisassumed that the prevalence is on the rise. Only
in 2015 3000 adult subjects from three centres (Hradec
Kralové, Brno, Ceské Budéjovice) were tested and in this
group the prevalence was 1.67% for anti HCV antibodies
and 0.93% for HCV RNA positive sera, with the largest
number in the group of 30-34-year-olds [21]. There is no
population screening in CZ which would be similar to
the testing of ‘baby boomers’ in the USA, for example
[22]. Only a small amount of people infected with HCV
are revealed. The estimate is that around 20-50% of the
diseased individuals are not diagnosed, therefore, are not
treated. The prevalent problem is insufficient awareness
and knowledge of the lay and professional public and
insufficient search methods of infected individuals. Only
screening of blood donors who are registered in blood

2019,68,¢.1  EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE

9



10

PUVODNI PRACE

transfusion departments, which was launched in 1992
in CZ with the testing of specific antibodies against HCV
using ELISA (enzyme-linked immunosorbent assay), and
later CMIA (chemiluminescent microparticle immunoas-
say) and ECLIA (electrochemiluminescent immunoassay)
to the increase of quality of in vitro diagnostics. There is
no standard in primary care that would allow blanket
testing of infected individuals in CZ. Mathematical
models predict a decrease in the number of infected with
HCV by 2030, also with the ageing of the population an
increase in the number of those with higher degrees of
liver fibrosis (LF), CIH, HCC and those who will undergo
transplant is predicted [23]. In a country with no screen-
ing of the population, without a surveillance database,
seroprevalence overviews of the adult population are the
gold standard for figuring out prevalence of anti HCV
antibodies [24].

The main objective of the study was to find out the preva-
lence of HCV antibodies in the office of a GP amongst adult
clients who were identified of risk for HCV infection. The
secondary objective was to identify the most relevant RF in
this group of investigated people and to find the dominant
genotype of infected individuals with CHC.

MATERIALS AND METHODS

Study design, choice of subjects
This study was led as monocentric in a country district
in the Central Bohemian region in one of the offices of a
CP as a seroprevalence analysis. From October 2016 until
August 2017, 1620 adult (over 18 years-old) clients regis-
tered with GP were completely examined with an accent
on epidemiologic history, physical examination and liver
test results, levels of albumin and thrombocyte count.
Because analyses were provided during regular visit as
a part of medical care for patients, no written consent
or ethics committee approval were required. Individuals
with history involving RF were selected, meaning those,
who belonged to one of the predefined groups. From an
epidemiological point of view 12 groups were formed of
individuals with RF that may lead to higher probability
of acquiring HCV infection:
1. Recipients of blood derivates, blood transfusions
(TRF), surgeries, trauma or abortions before 1992
2. Liver tests (LT) levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST) elevated
above normal
3. Individuals with history of injectable recreational
drug application
4. Individuals with history of haemodialysis (acute
and regular)
. Sexual partners of HCV positive individuals
. Medical personnel
. Individuals with tattoos and/or piercing
. Individuals with prior imprisonment
. Recipients of organ transplants
10. Children of HCV positive mothers
11. Haemophiliacs treated before 1987
12. Individuals infected with Human Immunodeficiency
Virus (HIV)
Also, individuals with deficient albumin levels or throm-
bocyte count, or pathologies in physical findings were
included in the study. Part of the physical examination
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was determination of jaundice, spider naevi, unnormal
size and consistency of the liver, enlargement of the
spleen, oedema of the lower extremities, signs of tattoos.
627 of the examined individuals were identified as of risk.
Those 627 people gave venous blood to determine presence
of HCV antibodies.

Testing for anti HCV antibodies

All 627 individuals had their serum tested in qualitative
detection of anti HCV antibodies using ECLIA, Anti-HCV
II kit from Roche was used (for use inside the immu-
nochemical analyser Cobas e 601, Roche). The results
were in form of cut-off indexes (sample signal/cut-off),
samples with cut-off indexes < 0.9 were identifies as
non-reactive, samples with cut-off indexes from 0.9 to <
1.0 were identified as borderline, and samples with cut-
-off indexes > 1.0 were identified as reactive. Individuals
with reactive samples were tested positive.

HCV detection, genotyping

In samples with borderline or reactive results, we procee-
ded with laboratory testing of the blood samples for HCV
RNA detection via Cobas®HCV test, Roche with the use of
Cobas®4800 system, Roche (isolation and detection). HCV
genotyping: amplification - VERSANT® HCV Amplification
2.0 (LiPA), Roche, primers for 5’UTR (5‘untranslated regi-
on) and core region; detection-VERSANT® HCV Genotype
2.0 (LiPA), Roche, reverse hybridization method (product
created by reverse transcription polymerase chain reaction
(RT-PCR) amplification of the mentioned area is hybridi-
zed on oligonucleotide probes, which are connected to a
nitrocellulose strip). GT HCV was identified in HCV RNA
positive samples. Parameters: sample type-serum, EDTA
plasma (plasma with Ethylene diaminetetraacetic salt),
sample volume - 400 pl or 200 pl (so-called paediatric vo-
lume), analytical sensitivity -9.21U/ml (400 pl), 15.31U/ml
(200 pl), linear range 400 pl: 15.0-1.0 x 10® IU/ml,
200 pl: 25.0-1.0 x 10° IU/ml, detected HCV genotypes 1-6.

Statistical analysis

Patients were divided into groups according to the fol-
lowing criteria: age (< 40 years-old vs. > 40 years-old), sex,
recreational drug use (yes vs. no), HCV detection (negative
vs. reactive). The descriptive statistic method was used for
presentation of results: calculation of absolute and relative
frequency tabs, also calculation of basic parameters of the
group of patients - averages, deviations, medians, ranges
of monitored variables. For statistical analysis STATISTICA
9.0 programme (StatSoft Inc.) was used.

RESULTS

Characteristics of investigated risk population

From 2016 to 2017 1620 patients were tested in a regular
office of a GP for adults. 627 in total were identified to
have at least one of the defined RF for acquiring HCV
infection. The average age of all 627 subjects was 46.1
years-old, the median age was 45 (19-82 years-old). There
were 245 people in the age group under 40 and 382 in the
> 40 group. In this group there were 283 men and 344
women. Except for children of HCV positive mothers,
haemophiliacs treated before 1987 and people infected
with HIV all the other defined groups of people with RF



were present in this cohort. The largest group was of
those who have received medical care (groups 1and 4 -
recipients of blood derivates, TRF, surgery, trauma, and
abortions before 1992, haemodialysis) 388 people, preva-
lence of 24%, the next largest group were individuals with
alternated liver tests with a total of 176, prevalence of
10.9% and the group of medical personnel which counted
102 people, with a prevalence of 6.3%. Individuals with
tattoos and/or piercing counted 43, with a prevalence of
2.7%. From the entire group of 1620 people, there were
7 individuals who admitted prior recreational drug use,
with a prevalence of 0.43%, 5 people were imprisoned in
the past, with a prevalence of 0.31%, 3 people admitted
to having sexual contact with HCV positive individu-
als, prevalence of 0.2% and 3 (0.2%) have received organ
transplants (1 heart transplant, 2 kidney transplants).

Prevalence of anti HCV positivity

From 627 tested sera 19 samples were positive (9 males, 10
females), prevalence of 3.03%. 7 tested positive in the age
group < 40 and 12 in the > 40 age group. 4 of the positive
individuals admitted to experimenting with recreational
drugs, 11 received medical care, 3 were imprisoned in the
past and one was the partner of an HCV infected woman.
Only 12 patients out of 19 who tested HCV positive had
elevated transaminases (ALT or/and AST) and only 4 (out
0f 19) knew about their HCV infection and were followed
by a specialist. For everyone else the information about
their HCV status was new and surprising.

Prevalence of HCV RNA positivity

Amongst the 19 individuals with positive specific anti
HCV antibodies 5 were HCV RNA positive with CHC,
prevalence of 0.8%. The average age of patients with CHC
was 58.4 years (ranging from 39 to 80 years), 4 males,
prevalence of 0.64% and 1woman 0.2 %, only one person
was under 40 years old, the other 4 were older.

Genotype of HCV

Amongst the HCV RNA positive individuals all 5 with
viremia had GCT 1b, other genotypes were not found in
our cohort.

Determination of level of LF in patients with CHC

All 5 HCV RNA positive individuals had CHC. An es-
sential part of the examination of this type of patients
is determining the clinical stages of LF. When staging
LF, different criteria and scoring systems may be used.
To maximally simplify these systems METAVIR scoring
system was introduced into practice and is now widely
used [25]. This system divides the stages of fibrosis into
5 stages METAVIR F0-F4. Stage FO-F1 means findings
without fibrosis, F2 means significant fibrosis, F3 bridg-
ing fibrosis and F4 means liver cirrhosis. Currently, the
preferred method for detecting the stage of LF is with
non-invasive detection. In the case of our patients the
degree of LF was tested with shear wave elastography, a
method the uses shear waves. These waves appear as a
response of the elastic resistance of tissue to mechani-
cal vibration with low frequency (10-500 Hz) and spread
through the entire tissue volume in transverse direction.
Shear waves can only spread through environment which
resists shear stress, this happens only solid environment.
Elasticity of tissue, the so-called Young module, can be
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estimated based on measuring the speed of spread of
shear waves in tissue. We usually enforce the density of
biological tissues as a constant. The average liver density
is approximately 1047 + 5 kg/m3, elasticity is measured
in kilopascals (kPa) [26]. Liver elasticity of our patients
was METAVIR F2 in 2 cases. There are F3 in 2 cases and
F4 in 1 case, in which HCC was also diagnosed. With
exception of the man with CIH (F4) patients did not
have any subjective complaints. Even in the case of this
man the main complaints reflected the symptoms of
a growing HCC with generalisation, anorexia, pain in
the right hypochondrium, growing malnourishment
and finally death.

DISCUSSION

This study was conducted in a cohort of adult patient
population in a regular office of a CP in CZ in the time of
repossession of clientele by the new physician from the
former one. The new physician was acquainted with his
patients gradually, completely randomly as they entered
the office with their acute problems and wishes. During
this first contact everyone’s available medical documenta-
tion was processed, complete medical history was supple-
mented, a physical examination was conducted. Judging
by all this information, those who had pathological liver
test values, lower platelet counts and/or lower albumin
values in at least one of the prior three laboratory finding,
and those who currently had pathologic finding during
physical examination, which supported suspicion of liver
damage were chosen, also those who had identified RF
listed above in their medical history.

In our cohort we obtained data, which shows being
treated in a healthcare facility as the highest RF. Among
anti HCV positive there were 11 out of 19 individuals.
Contrary to this, amongst the large amount of tested
healthcare personnel (102 out of the total number of 1620,
prevalence of 6.3%) none were confirmed to have HCV
infection, which shows us the low risk of HCV spread
from the infected individuals onto medical personnel
when all safety percussions are taken, also this shows the
low total prevalence of people infected with HCV in the
population. In this study a large group of people (2.7%)
who had had tattoos and/or piercing were tested. We
did not find anyone with HC in this group. There is no
comprehensive data on the number of individuals with
experience with intravenous recreational drug applica-
tions, their numbers are estimated to be from 0.4% to 3%
[27]. In its annual report on the status in drug matters
in 2013 in CZ the National monitoring centre for drugs
and addiction estimated about 44.9 thousand problem
drug users. Buprenorphine is on the rise. The phenome-
na of the last years is the emergence of new synthetic
drugs from the cathinone or the phenethylamine group
- experience with these drugs plays a major part in the
problem of drug usage - about one third in Prague, but
only a small fraction reports it as their primary drug [28].
Numbers of individual who have joined the substitution
programme for addiction on opiates/opioids in CZ is also
known. 529 cases of treatment in 446 people were added
to the register in 2017 [29]. In our cohort 7 people admit-
ted experimenting with recreational drugs, prevalence
0f 0.43%.
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Incidence of new cases of HC in CZ was highest in 1999,
from then on it has a declining tendency and has been
relatively stable in the last few years. According to mathe-
matical models a further decline is anticipated. On the
other hand, increase in patient of middle and older age
with higher degrees of fibrosis, compensated and de-
compensated CIH, CHC and related deaths are predicted
[30]. In our cohort seroprevalence of anti HCV antibodies
and HCV RNA positivity is found mostly in individuals
who are 40-years-old and older, also higher stages of
fibrosis are found in this age group, which correlates
with mathematical models mentioned above. GT 1,
which is most common in the world, is prevalent mainly
in developed countries with high income. Its spread is
connected mainly to administered transfusions of blood
derivates before HCV was discovered in 1989 [28]. GT 3a,
on the other hand, the second most common globally,
mainly in Europe is associated with intravenous recrea-
tional drug abuse [31, 32, 33] and also with migration to
Europe from high incidence countries (India, Pakistan)
[34]. This data is consistent with our results, only GT 1b
was detected. Those were people, who reported any of
the possible means of transmission of HCV, while receiv-
ing medical treatment in a healthcare facility - applied
blood derivates, TRF, surgeries, injuries and abortions
prior to 1992, those who had haemodialysis or received
organ transplants.

In comparison the results of a study from 2001 (0.2%)
and from 2015 (1.67%), even with the knowledge, that
we targeted people with RF in their personal history,
we can confirm that prevalence of anti HCV antibodies
and prevalence of CHC in the adult population in CZ has
increased in the last 16 years. Unlike the study conducted
in 2015 we found more anti HCV positive individuals
and more people with CHC in the age group of 40 years
and older.

Aside from the study, on closer examination, the main
reason of elevated ALT and AST was steatohepatitis due
to metabolic syndrome, non-alcoholic steatohepatitis
(NASH) with obesity, dyslipidaemia and diabetes mel-
litus.

CHC is not solely a disease of the liver with extrahepatic
complications, it carries with it a change in quality of
life, the stigma of disease, it has a psychosocial dimen-
sion, it decreases work productivity and has a noticeable
economic impact.

We share our results that show a need for a targeted
search of people with HC. In CZ there is an increase in
people with CIH, who will need liver transplant because
of decompensated disease or development of HCC is
anticipated. For reduction of morbidity and mortality
as a result of CHC a more effective screening than the
one used now in CZ is needed, together with an increase
of availability of treatment with direct acting antiviral
drugs (DAA), which are highly effective, with minimal
side-effects. They have a potential to cure all the infected
people and, in the future, will lead to eradication of HC.
The only crucial obstacle to the spread of this treatment
is high price.

There are studies in the world that compare the economic
impact of targeted or whole population screening of anti
HCV antibodies and antiviral treatment in comparison
to treatment of compensated a decompensated CIH. One
of the last analyses conducted in South Korea shows the
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cost-effectiveness of testing was highest when performed
in subjects under 40 year of age [35]. The conclusion of a
study performed in 2013 in the USA, targeted screening
is cost-effective, if the prevalence of HCV is above 0.84%
[36]. The strategies of search of patient with HC in CZ
should be reconsidered due to all the available epidemio-
logic data, which we do not have enough of, expanding
and refinement is needed.

CONCLUSIONS

In comparison to the data available from 2001, and from
2015 an increase of seroprevalence of anti HCV positivi-
ty in the adult population is noted. In our cohort of
adults with defined of acquiring HCV infection (anti HCV
prevalence of 3.03%) the dominant group was patients
with documented surgeries or trauma, those who have
received blood transfusion or blood derivates prior to
1992 and dialyzed patients (24%). On the other hand, the
group with history of intravenous drug use were in the
minority (0.43%), this, however, corresponds with the
estimated number of occurrences in CZ. Patients with
CHC (prevalence of 0.8%) are diagnosed at a higher age
(average of 58.4 years-old) and with a higher degree of
LF (= F2), there are more males than females (4:1). Only
CT 1b was detected, which corresponds with the high
representation of those who were exposed to medical
interventions in healthcare facilities, whereas GT 3a,
which is associated with drug abuse, was not detected.
Since the epidemiological situation in CZ has a slower
change of trends compared to Western Europe and North
America, we can predict an increase of GT3 in the future
(21].

Our results show the need for a systemic search for
patients with HC, more so in the high-risk adult popu-
lation, we need a change for a more effective screening
method in CZ. The general awareness of laymen and
experts is insufficient. This is all followed with insuf-
ficient reporting of diagnosis, growing morbidity and
mortality as a result of complication of CHC and the cost
for the entire population which this brings.
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ABSTRAKT

Cil prace: Clostridium difficile (C. difficile) sehrava okrajovou, ale
vyznamnou Ulohu v pediatrii. Cilem prace je objektivizace dat a
jejich vyznam v klinické praxi, sdélit nase zkusenosti s Iécbou
pediatrickych pacientd.

Material a metodika: Sbér dat probihal retrospektivné u pacientt
(0-19 let) z pétiletého obdobi 2013-2017 hospitalizovanych s dia-
gndzou klostridiova kolitida na Klinice détskych infekénich nemoci
(KDIN) FN Brno. Kazdy pacient byl testovan dvoustupnovym
diagnostickym algoritmem metodou imunochromatografického
testu a polymerazové retézové reakce (PCR).

Vysledky: 35 pacientl s medidnovym vékem 10,3 rokd (1-17,5
roku) bylo zapsdno do studie. Vékova skupina 6-19 let tvorila
dohromady témer 70 %. U jednoho pacienta nebyl odhalen zad-
ny rizikovy faktor, 41,6 % pripadd tvorili pacienti s onkologickou
diagndzou a nespecifickymi strevnimi zanéty, ve 2,5 % syndrom
kratkého streva. Medianova doba Ustupu prijmd byla 2,5 dne po
cilené [é¢bé na klostridiovou kolitidu. Ve vice jak poloviné pfipadu

ABSTRACT

Musil V., Homola L., Vrba M., Braunova A., Mala M., Holeckova
P., Krbkova L.: Clinical and microbiological characteristics of
Clostridium difficile infection in children hospitalized at the
Departement of Paediatric Infectious Diseases in Brno between
2013 and 2017

Aims: Clostridium difficile (C. difficile) plays a minor but important
role in paediatrics. The aims of this study were to objectivise data,
to show their significance in clinical practice, and to present our
experience with the treatment of paediatric patients.

Materials and methods: A retrospective study was conducted
in patients (0-19 years of age) hospitalized for Clostridium
difficile infection (CDI) in the Department of Paediatric Infectious
Diseases, University Hospital in Brno between 2013 and 2017.
Each patient was tested using a two-step diagnostic screening
algorithm including immunochromatography and polymerase
chain reaction assays.

Results: Thirty-five patients with a median age of 10.3 years
(range 1-17.5 years) were enrolled in the study. Almost 70% of
patients were aged between 6 and 19 years. No risk factor was
identified in one patient, 41.6% of cases were patients with ma-

byl pouzit metronidazol. V 5 pripadech byl podavan fidaxomicin
s dobrou toleranci. Ve 3 pripadech doslo k selhani terapie po
metronidazolu. K rekurenci po nedokoncené Iécbée doslo v jed-
nom pripadé. V 86 % pripadl se jednalo o klostridiovou kolitidu
spojenou se zdravotni péci. Vice atak kolitidy bylo zaznamenano
u Ctyr déti (2krat malignita, 1krat nespecificky stfevni zanét, Tkrat
syndrom kratkého streva).

Zavér: Priibéh klostridiové kolitidy je obecné v pediatrické popu-
laci mirny, bez rizikového faktoru je vzacna. Pediatricti pacienti
dobre odpovidaji na Ié¢bu metronidazolem. Fidaxomicin byl
Uspésné tolerovan ve vsech pfipadech. U vysoce rizikovych skupin
(imunosuprese, syndrom kratkého streva, nespecificky strevni
zanét) preferujeme primdrné lécbu fidaxomicinem.

KEYWORDS
Clostridium difficile - klostridiova kolitida - prijem -
fidaxomicin - déti

lignancy or inflammatory bowel disease, and 2.5% of patients had
short bowel syndrome. After targeted CDI treatment, the median
time to resolution of diarrhoea was 2.5 days. Metronidazole was
used in more than half of cases. Five patients received fidaxo-
micin, which was well tolerated. Metronidazole failed in three
cases. Recurrence after incomplete treatment with metronidazole
occurred in one patient. Health care-associated CDI was recorded
in 86% of cases. Recurrent CDI was reported in four children (two
with malignancy, one with inflammatory bowel dissease, and one
with short bowel syndrome).

Conclusions: The course of CDI is generally mild in the paediatric
population. CDI without a risk factor is rare. Paediatric patients
respond well to metronidazole. Fidaxomicin was well tolerated by
all patients. We prefer the treatment with fidaxomicin in high-risk
groups (immunocompromised condition, inflammatory bowel
disease, and short bowel syndrome).

KEYWORDS
Clostridium difficile infection - diarrhoea - fidaxomicin -
children
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uvob

C. difficile pfedstavuje dlouhodobé u dospélych celosvétovy
problém pro svoji morbiditu i mortalitu. V pediatrii se-
hravala bakterie spiSe okrajovou roli, v poslednich letech
se zajem zvysil [1-3]. Vétsina doporuceni vsak vychazi
extrapolaci z dospélych doporuceni a v nékterych ohle-
dech nemusi zcela vyhovovat zvlastnostem v jednotlivych
détskych vékovych skupinach.

Ulelem prace je objektivizovat naSe data a jejich vyznam
do klinické praxe, sdélit nase zkusenosti s 1é¢bou pediat-
rickych pacientii, nikoliv vytvorit vSeobecny pfehled nebo
doporuceny postup problematiky klostridiové kolitidy.

MATERIAL A METODY

Materiil a subjekty

Predstavujeme retrospektivni shrnuti pediatrickych pa-
cientd hospitalizovanych za pétileté obdobi, v letech
2013-2017, na Klinice détskych infekénich nemoci (KDIN)
ve FN Brno s diagnézou klostridiova kolitida. Zatizeni
provozuje ambulantni a liZkovou ¢ast zahrnujici jednot-
ku intenzivni péce a 2 standardni oddéleni (s celkovym
poctem 60 1tZek) pro détské pacienty do dovrSeni 19.
roku véku s riznym spektrem pediatrickych diagnéz. Od
kazdého pacienta byl vySetfen minimalné jeden vzorek
stolice v ambulantnim tseku Pracovisté détské medici-
ny EN Brno nebo za hospitalizace na Klinice détskych
infek¢énich nemoci ¢i jiné klinice. Podminkou zahrnuti
pacienta je hospitalizace na KDIN. Kromé KDIN jsou
pacienti v urcitych pfipadech s klostridiovou kolitidou
izolovani i na Détské onkologické klinice, v souboru
nebyli zatazeni.

Inkluzivni a exkluzivni kritéria

Zahrnutd skupina pacientdi byla definovana pfitomnosti
prajmovitych stolic nebo zménou charakteru a poctu
stolic (pfitomnost klinickych symptoma) a pozitivniho
vysledku stolice na toxin/toxigenni kmen (imunochro-
matograficky toxin +/PCR gen pro toxin +). Definice tézké
formy klostridiové kolitidy byla pouzita z narodniho do-
poruceného postupu pro klostridiovou kolitidu, a to podle
tabulky ,,Pfiznaky svéd¢ici pro tézky pribéh klostridiové
kolitidy* [3]. Komunitné ziskand klostridiova kolitida by-
la urcena absenci hospitalizace v pfedchozich 3 mésicich
a doba hospitalizace netrvajici déle nez 48 hodin v cCase
odbéru stolice. Klostridiova kolitida spojena se zdravotni
Péci byla definovana historii hospitalizace (méné nez
3 mésice) a/nebo dobou hospitalizace trvajici déle nez
48 hodin v ¢ase odbéru stolice. Rekurence byla defino-
vana jako vice nez jedna ataka klostridiové kolitidy. Pro
prakticnost neni rozliSovan relaps od reinfekce.

Sbér dat

Data pacienta zahrnujici vék, pohlavi, délku hospitaliza-
ce, rizikové faktory (malignity, hematologické poruchy,
stavy imunosuprese, nespecifické stftevni zanéty - IBD
nebo dalsi gastrointestindlni poruchy vcetné poruchy
motility, pfedchozi antibioticka expozice do 12 tydni od
odbéru stolice; organové transplantace nejsou zahrnuty)
a detaily terapie. Laboratorni data zahrnujici vysledky
krve (leukocytéza, posun doleva, C-reaktivni protein,
kreatinin, albumin) a mikrobiologické vySetfovani sto-
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lice na alternativni stfevni patogeny byly zaznamenava-
ny. Informace byly ziskavany ze zdravotnich zaznama
databaze FN Brno. Informace o souboru pacientl jsou
aktudlni k 15. 8. 2018. Od zacatku roku 2018 k tomuto
datu se zadny pacient ze zahrnutého souboru s diagné-
zou Klostridiova kolitida na KDIN nebo jiném pracovisti
détské mediciny FN Brno s dalsi atakou neobjevil.

Detekce, identifikace C. difficile

Vzorek stolice byl po odbéru uchovavan pfti teploté 4 °C
a transportovan ve sterilnim kontejneru. Analyza sto-
lice na C. difficile byla provedena do 24 hodin od odbéru
vzorku. Diagnéza klostridiové kolitidy je zaloZena na
dvoustupriovém algoritmu. Kazdy fekalni vzorek byl tes-
tovan imunochromatografickou metodou na pritomnost
glutamat-dehydrogenazy a toxinu A, B (Techlab C. diff
quick chek complete, Abbott, Spojené staty americké).
Vzorky stolice, které se ukazaly jako glutamat-dehydro-
gendza negativni a toxin A/B-negativni, byly hodnoceny
jako negativni. Stolice, které byly glutamat-dehydro-
genaza pozitivni a toxin A/B-pozitivni, byly hodnoceny
jako pozitivni - , klostridiova kolitida“. Vzorky stoli-
ce s vysledkem glutamat-dehydrogenaza pozitivni, ale
toxin A/B-negativni byly konfirmovany metodou PCR
(GeneXpert Clostridium difficile, Cepheid, Spojené staty
americké) na pritomnost genu pro toxin B, binarni toxin
a delece tcdC v nukleotidu 117. Glutamat-dehydrogenaza

Tabulka 1. Demografické, klinické a laboratorni charakteristiky
pacientU s klostridiovou kolitidou, 2013-2017

Table 1. Demographic, clinical, and laboratory characteristics of
patients with Clostridium difficile infection, 2013-2017

Medidnovy vék (rozptyl) v letech 10,3 (1-17,5)
zeny (%) 19 (55,6)
muzi (%) 16 (44,4)
\?szig:hspitalizace - primér (rozptyl) 8,2 (1-22)
télesna teplota nad 38,5 °C (n) 13
zvraceni (n) 2

krev ve stolici (n) 13
hlen ve stolici (n) 14
Ustup prdjmu po nasazeni antibiotik - 25

median ve dnech

Zékladni laboratof

Leukocytdza 8
Posun doleva (tycky >4 %) 3
CRP v mg/I (max. a min. hodnota) 35,4 (1-287,5)
Kreatinin >50 % na obvyklou hodnotu 2°
Hypoalbuminémie (g/) 15¢
GDH+/toxin A,B+ 22
GDH+/PCR® gen B+ 12

GDH+/PCR gen B, BT' 1

*mikroskopicky obraz leukocytl proveden u 9 déti, “odebrano u 34 déti, ‘odebrano u 27
déti, “glutamat-dehydrogenaza, ®polymerdzova fetézova reakce, ‘oinarni toxin

“white blood cell microscopy performed in nine children, ®collected from 34 children, <co-
llected from 27 children, “glutamate dehydrogenase, ¢polymerase chain reaction,

‘binary toxin



pozitivni a PCR gen pro toxin B pozitivni vzorky byly
interpretovany jako ,,suspektni klostridiova kolitida“
(toxigenni kmen C. difficile) [3], pacienti s timto vysledkem
jsou zahrnuti v souboru klostridiovych kolitid. U jed-
noho pacienta splnujiciho kritéria pro zavaznou formu
klostridiové kolitidy se pokus o kultivaci a naslednou
typizaci kmene C. difficile nezdafil, jinak kultivace a ty-
pizace stolice nebyla provadéna. Kazdy fekalni vzorek
byl vySetfovan kultivacné na obligatni stfevni patogeny
a kromé 7 pacientdi s imunochromatografickym testem
na detekci rotaviru, noroviru a adenoviru (Immunoquick
NoRotAdeno, Biosynex, Francie). Vzorky byly zpracovany
v akreditované laboratoti Oddéleni klinické mikrobiolo-
gie, FN Brno.

Etické schvaleni

Rodice pacienta nebo zakonny zastupce podepsali do-
poruceny souhlas FN BRNO, kde mimo jiné souhlasi
s odbérem stolice: ,,Zaznam o souhlasu s poskytovanim
informaci o zdravotnim stavu*.

VYSLEDKY

Demograficka data, klinické a laboratorni charakteris-
tiky jsou uvedeny v tabulce 1. Do souboru je zahrnuto 35
pacientti s medianovym vékem 10,3 let (1-17,5 let). Pocet
pripadi v jednotlivych letech, 2013-2017, je zpfehlednén
v grafu 1. Vékova distribuce pacientti je zobrazena v grafu 2.
U jednoho pacienta nebyl odhalen zadny rizikovy faktor,
41,6 % pripadd tvorili pacienti s onkologickou diagnézou
a nespecifickymi stfevnimi zanéty (IBD), ve 2,5 % se syn-
dromem kratkého stfeva. Zahrnuté déti s onkologickou
diagnoézou byly ve 3 z 8 piipadil ve febrilni neutropenii.
Rizikové faktory jsou zpfehlednény v grafu 3, pouzita
antibiotika do 12 tydnt od propuknuti ataky klostridiové
kolitidy v grafu 4. Skupina déti do tfi let se zakladnimi
charakteristikami je zpfehlednéna v tabulce 2. Pro srov-
nani odlisné délky klinickych potizi a délky hospitalizace
celého vzorku pacientti a vybranych rizikovych skupin je
prezentovano v grafu 5.

V nasSem souboru pacienti byl podan ve vice nez 50 %
pripadd metronidazol s dobrym efektem a kratkou re-
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zoluci prijma (tab. 3). Selhani 1é¢by bylo zaznamenano
u 3 rizikovych pacientti (2krat Hirschprungova nemoc,
1krat Crohnova choroba na imunosupresivni terapii),
ti byly ve dvou ptipadech dile 1é¢eni fidaxomicinem
(FDX), v jednom byla nutnd chirurgicka intervence,
pacient byl dale dolécen FDX. U ostatnich lécebnych
rezim@ nebylo selhani primarné nastavené terapie
Zaznamenano.

Vsichni pacienti zafazeni do souboru byli kultivacné ne-
gativni na obligatni stfevni bakteridlni patogeny. Z 27 dé-
ti, jejichz stolice byla testovana virologicky, byl u jednoho
ditéte prokazan ve stolici norovirus. Vzhledem k paté atace
Klostridiové kolitidy (insuficientni data z pfedchozich atak
Klostridiové kolitidy véetné vySetfovani na alternativni
patogeny, pacient nebyl v pfedchozi dobé nikdy 1écen
na Pracovisti détské mediciny FN Brno) byla indikovana
po terapii vankomycinem (VAN) fekalni transplantace.
V 86 % pripadd se jednalo o klostridiovou kolitidu spoje-
nou se zdravotni péci. Vice atak kolitidy bylo zazname-
nano u ¢tyt déti, ve dvou pripadech se jednalo o onko-
logické pacienty (z toho jeden ve febrilni neutropenii),
jeden pacient patfil do skupiny IBD, jeden pacient
s Hirschprungovou chorobou zrelaboval po predchozi
nedolécené atace klostridiové kolitidy.

Podle kritérii zavaznosti klostridiové kolitidy bylo iden-
tifikovano 15 zdvaznych kolitid z 35 pacientf. Ctyfi pa-
cienti méli onkologi ckou diagndzu (z toho dva ve febrilni
neutropenii), dva syndrom kratkého stfeva na podkladé
Hirschprungovy choroby, jeden mél zavedenou perku-
tanni endoskopickou gastrostomii, jeden se 1é¢il s IBD,
zbylych Sest pacientl patfilo mezi primarné zdravé je-
dince a dostali klostridiovou kolitidu kviili antibiotické
terapii pfi infektu. Medidn Gistupu prijmu po nasazené

v tabulce 4.

DISKUSE

Klostridiova kolitida pfedstavuje v pediatrii spiSe okrajo-
vou zalezZitost. V pfipadé trendu incidence a prevalence
Klostridiovych kolitid u pediatrickych pacientti nékteré
studie, zejména z USA a Itdlie [4-6], zdGraznuji vze-
stupny trend, naopak recentni prace

z Nizozemi a Spojeného kralovstvi roz-

—
<

poruji tyto iidaje. U souboru pacientl
z KDIN tento trend rovnéZ nepozoruje-

]

me. Odli$né vysledky mohou byt dany

(=2}

jednak fenoménem hypervirulentnich
kment, zvySenym povédomim o ne-

1990d rynjosqy
N

moci a jejiho vySetfovani v détské po-
pulaci, zlepsenou diagnostikou [7-9].

()

(=]

Pediatrick populace se v CR v roce 2017
podilela asi 2 % na celkovém poctu hla-
Senych pripadd klostridiové kolitidy

2013 2014 2015 2016
Jednotlivé roky
m pocet pripadi pocet rekurenci

(hdaj ziskan ze SZU), z toho pracovisté
KDIN pouze 0,13 % (tedy necelych 6,5 %
v pediatrické populaci). Podobny udaj

2017

Graf 1. Pocet pripadl a rekurenci klostridiové kolitidy v jednotlivych letech
Rekurence je definovdna jako opétovné propuknuti nemoci. Neni rozliSovan relaps

od reinfekce.

Figure 1. Cases and recurrences of Clostridium difficile infection by year

A recurrence is defined as the return of the disease. No distinction is made between

recurrence and re-infection.

je prezentovan v nedavno zvefejné-
ném holandském epidemiologickém
pfehledu, kde se pohybuje kolem 2,8 %
[7]. vzhledem k nejednotnosti indikace
vySetfovani stolic u nejmladsich véko-
vych populaci, dostupnosti vySetfeni

2019, 68, ¢. 1
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blikace udava 1,5 roku [7]. V pfipadé

12

10

1990d rupnjosqy
()]

vékového rozloZeni lze v nasem soubo-
ru predpokladat dominanci véku 6-19
let, které dohromady tvorfi téméf 70 %
(n = 24). Rozporné vysledky jednotli-
vych prament jsou dany jednak maly-
mi soubory zahrnutych pacientti a rov-
néz napriklad regionalnim pristupem
k vySetfovani bakterie u nejmladsich
vékovych skupin, tedy odliSnostmi
v metodice studie.

V dobé porodu je lidské stfevo sterilni.
Ve star$§ich pramenech je udavano,

<1 rok (n=0) 1 az 3 roky 3az6let 6 az 12 let 12 az

Jednotlivé vékové skupiny

(n=6) (n=5) (n=12) (n=12)

Ze v novorozeneckém véku (do 28 dnfl
véku) se nosicstvi toxigennim kmenem
C. difficile pohybuje s velkou variabi-

19 let

Graf 2. Vékova distribuce hospitalizovanych pacient( s klostridiovou kolitidou
Figure 2. Age distribution of hospitalized patients with Clostridium difficile infection

litou, pramérné kolem 37 % [11, 12].
V novéjsich ptehledech navzdory senzi-
tivnéj$imu diagnostickému algoritmu
se hodnoty pohybuji v ramci jednotek

procent [12, 13]. Zasadnim faktorem,

ktery nizkou hodnotu nosiéstvi u novo-
rozencli mohl ovlivnit, je zfejmé zvy-

w
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Seny hygienicky standard v poporodni
péciivdomacnostech. Mezi prvnim az
12 mésicem klesa nosicstvi na 10-25 %.
Pro zminéné vékové obdobi je typic-
ka pfechodna asymptomaticka kolo-
nizace toxigennimi kmeny C. difficile
[11]. Tento fakt je dan nizsi schopnosti
mikrobiomu potlacovat rst C. difficile

Rizikovy faktor

& a jeho promeénlivosti [11, 14], ktera je
do velké miry ovlivnéna stravovacimi
navyky (kojeni versus umélé mlécné
formule, zavadéni prikrmi) a zplso-
bem porodu [11, 15]. Ve druhém roce

Graf 3. Rizikové faktory (absolutni pocet) u hospitalizovanych pacient na KDIN 2013-2017
Vysvétlivky: ATB - antibioticka terapie do 12 tydnd od propuknuti ataky kolitidy, IBD - ne-

specifické stfevni zanéty

Figure 3. Risk factors (absolute number) in patients hospitalized at the Clinic for Paediatric

Infectious Diseases in 2013-2017

Note: ATB - antibiotic treatment within 12 weeks after the onset of Clostridium difficile in-

fection, IBD - inflammatory bowel disease

a Casto limitnich znalosti pediatri se snahou o zjisté-
ni etiologie stfevnich potiZi je tento pocet orientacni
a spise nadhodnoceny. V pripadé doporuceni vysetiova-
ni na klostridiovou kolitidu ma nejpfinosné;jsi pristup
Americka pediatricka spolecnost, ktera zohledniuje zvy-
Sené asymptomatické nosicstvi C. difficile u mladsi popu-
lace déti, ale za urcitych okolnosti pfiznava i moznost
propuknuti kolitidy. Do roku véku doporucuje vysetio-
vani jen v pripadé specifickych poruch motility stfeva,
napt. Hirschprungova choroba, nebo v ptipadé kontaktu
s nakazou, u déti do 3 let pak zdlraziiuje vysetfovat
i alternativni patogeny [10]. Na KDIN cilené testujeme
C. difficile v pfipadé pfitomnosti rizikového faktoru (viz
niZe) a kauzalni 1é¢bu nasazujeme individualné, alter-
nativni patogeny testujeme vzdy.

Medianovy vék détskych pacientli je vzahrani¢nich stu-
diich udavan v rozmezi 1,5-10 rokd [7-9]. Prezentovany
soubor pacientl se pohybuje kolem 10 let, kde jsme ve
shodé s nizozemskou praci, naopak napt. britska pu-
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véku klesa kolonizace k 5-10 %, do 3 let
se stabilizuje kolem 3 % [11, 16, 17, 18].
Navzdory vysokému procentu koloni-
zace toxigennimi kmeny, nejmladsi
vékové skupiny zlistavaji pomérné re-
zistentni vici infekci C. difficile [5, 11].
Mechanismus rezistence je nejasny.
Nizka morbidita je ¢asto vysvétlovana
ochrannymi protilatkami v matefském
mléce, progresivnim vzestupem IgG protilatek v séru
proti toxinu A, B od narozeni do 24 mésicii [5, 11]. Klicové
jsou hypotézy o absenci bunéénych komponent pro in-
ternalizaci toxindi ¢i nedostatek receptorti pro toxin A na
stfevnim epitelu. Tyto informace byly demonstrovany
na zvifecich modelech kraliki a kie¢kd v devadesatych
letech [19, 20]. Novéjsi studie ovSem tyto poznatky zpo-
chybniuje a priznava existenci cytopatického efektu na
stfevni sliznici novorozenych selat po internalizaci to-
xinu [21]. Toto tvrzeni bylo podpotfeno i jednotlivymi
kazuistikami Kklostridiové kolitidy u novorozenct [22].
Je tedy jasné, Ze ackoliv nemocnost klostridiové kolitidy
u nejmladsi détské populace je minimalni, nelze ptimo
potvrdit nebo vyvratit jeji existenci. V nasem souboru
hospitalizovanych pacient@ chybi vékova skupina mladsi
1 roku, skupina batolat (1-3 roky) se podili 17 % (n = 6).
Kromé jiz vySe zminénych komplikaci s diagnostikou
muZe byt maly pocet pacientdl dan absenci nespecific-
kych stfevnich zanétdl a nizkou incidenci onkologickych
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diagnéz v této vékové populaci, coz jsou
dvé hlavni rizikové skupiny pro klostri-
diovou kolitidu u hospitalizovanych déti
na nasem pracovisti.

Faktory disponujici k rozvoji klostridiové
kolitidy jsou obecné shodné pro vsechny
vékové kategorie. Nizky pocet kolitid
v détském véku je do velké miry ovlivnén
,dobfe fungujicim organismem®* déti
a absenci komorbidit. Vékova predilek-
ce v pediatrickém véku u klostridiové
kolitidy nebyla zjisténa. V nasem sou-
boru pfevladaji pacienti s onkologickou
diagnoézou a nespecifickymi stfevnimi
zanéty, kde dochdzi ke kumulaci vice

£ 4. Antibiotika U hosoital ch pacientt ) 1 tydndl o7 rou Klostr faktorti. Organové transplantace se kvali
g\'r:vou- ko?ittl\%‘glt,ll a u hospitalizovanych pacientt podana do 12 tydnd pred atakou klostri- centralizaci pé€e na nasem pracovisti

Vysvétlivky: CEF - cefalosporiny, PIP/TAZ - piperacilin/tazobaktam objevuji sporadicky. Za %mi,nku SEOji pa-
cienti se syndromem kratkého stfeva na

meropenem
\ PIP/TAZ
cotrimoxazol

clindamycin

Figure 4. Antibiotics in hospitalized patients within 12 weeks before the onset of

Clostridium difficile infection podkladé Hirschprungovy choroby, je-
Note: CEF - cephalosporins, PIP/TAZ - piperacillin/tazobactam jichZz pribéhy klostridiové kolitidy byvaji
podle zahranicni literatury [23] i podle

140 nasich zkusenosti komplikované a ¢asto

12,0 vyzaduji chirurgickou intervenci. Z uzi-
10,0 /\ vanych antibiotik pfed atakou klostri-
80 / \ _e diové kolitidy je v popfedi cefotaxim.

- « V Cefalosporiny patfi vzhledem k Cetnosti

o ‘Xpﬂ_‘\ uzivani v pediatrii k nejcasté&jsim vyvo-

’ lavatelim Kklostridiové kolitidy u déti
20 X o [8]. Naopak po klindamycinu, ackoliv
20 je pouzivan na KDIN béZné a v literatufe

2013 2014 2015 2016 2017 o Lo A
patfi k nejrizikovéjsim antibiotikéim [3],

(Aup) ddezijendsoy eqpRQ

Jednotlivé roky

—o—priimémn4 délka hospitalizace ve dnech ——tstup kliniky celkové epizody kolitidy neViQéme, Pro rekurent-

—te—tistup Kliniky u malignit —<=tistup kliniky u TBD ni klostridiovou kolitidu Nicholson et

al. identifikovali v pediatrii ¢tyfi nejvy-

Graf 5. Srovnani priimérné délky hospitalizace a primeémé délky ustupu kliniky po znamné;jsi rizikové faktory: malignity,
antibiotikach ve dnech u pacientd s klostridiovou kolitidou v jednotlivych letech nedavny chirurgicky vykon (do 60 dnil

Pacienti s IBD (nespecifickymi stfevnimi zanéty) v letech 2014 a 2016 nebyly na Klinice

détskych infekénich nemoci s diagnézou klostridiova kolitida hospitalizovani. od ataky), antibioticka expozice (do 30

Fi 5. Th enRth o hosoital et o th imet ution of . N dni od ataky), pfitomnost perkutanni
igure 5. The mean length of hospital stay and the mean time to resolution of symptoms after s 1% :

the treatment with antibiotics in patients with Clostridium difficile infection in days by year en@oskopmkg gas:[rostom}e [24].

No patient with inflammatory bowel disease and Clostridium difficile infection was C: t}tﬁ}ctle Je hletC{r1CkV SPOJEno s nemoc
hospitalized at the Department of Paediatric Infectious Diseases in 2014 and 2016. nicnim prostredim. Neékteré pediatrické

Tabulka 2. Pacienti do tif let hospitalizovani pro klostridiovou kolitidu, 2013-2017
Table 2. The patients under 3years old hospitalized due to Clostridium difficile infection, 2013-2017

vk . Doba RF pro klostridiovou Antibiotika do 12 Leécba =~ Doba rezoluce
(roky) Pohlavi hospitalizace Kolitidu? tvdnii pFed atakou® klostridiové prujmu (dny)
o ve dnech He s kolitidy
P1 2,0 M 22 MAS s PEG® AMP/SUB¢ MET + VAN® 21¢
P2 1.4 VA 6 MAS' cotrimoxazol MET 1
P3 1,0 VA 18 UPVe claritromycin MET 2
P4 2.1 M 4 Hirschprungova nemoc cefotaxim MET, FDX" 5
P5 11 7 8 autoimunitni neutropenie cefuroxim, PIP/TAZ VAN 6
P6 1,5 z 13 - cefotaxim MET 1

#rizikovy faktor pro vznik klostridiové kolitidy (vyjmenovény v sekci ,Materidl a metodika*), antibiotika nejsou zahrnuta, *antibiotika jsou uvedena bez ohledu na rizikovost pro propuknuti
klostridiové kolitidy, cimunodeficit (toho ¢asu neurcen) s malabsorpénim syndromem a zavedenou perkutanni endoskopickou gastrostomii, délka rezoluce fidkych stolic ovlivnéna primarni
diagnézou a zviadnutim septického stavu, “ampicilin/sulbaktam, émetronidazol iv. + vankomycin per os, 'malabsorpéni syndrom (na podkladé toho ¢asu nezjisténého stievniho procesu),
9stav po umélé plicni ventilaci pro refrakterni obstrukéni bronchitidu (imobilita pacienta), "metronidazol paty den vysazen, dolécen fidaxomicinem, 'piperacilin/tazobaktam

Clostridium difficile infection risk factors (listed in the Material and methods section), antibiotics are not included, “antibiotics are indicated regardless of Clostridium difficile infection risk
level, immunodeficiency (as yet undiagnosed) with malabsorption syndrome and inserted percutaneous endoscopic gastrostomy tube, time to resolution of diarrhoea varies with p rimary
diagnosis and sepsis control, “ampicillin/sulbactam, cintravenous metronidazole + oral vancomycin, ‘malabsorption syndrome (in the presence of as yet undetermined intestinal pathology),
9previously on mechanical ventilation for refractory obstructive bronchitis (immobilised patient), "metronidazole discontinued on day 5, switched to fidaxomicin, ‘piperacillin/tazobactam
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Tabulka 3. Terapie klostridiové kolitidy za hospitalizace, 2013-2017
Table 3. In-hospital treatment of Clostridium difficile infection, 2013-2017

MET? VAN® MET+VAN FDX¢ VAN+MET + FMT FDX + stomie
Pocet pouziti 22 6 4 5(2 po MET) 1 1(po MET)
Median ustupu Kkliniky 2,5 2,5 3 1e i 1
Pocet selhani 39 0 0 0 0 0

EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE

ametronidazol, °vankomycin, fidaxomicin, “fekalni bakterioterapie, ®v jednom pfipadé pacient nedolécen, viz pacient ¢. 3 v odkazue, FMT horni cestou nebyla Uspésna, pacient
obsah vyzvracel, °1. pacient: 16,3 rokd, Crohnova choroba na imunosupresivech, zména lécby 6. den na fidaxomicin, 2. pacient: 2,1 rokd, Morbus Hirschprung, rozvoj klostridiovée
kolitidy po salmonelové sepsi, postupné rozvoj paralytického ileu, stav feden chirurgicky + dolécen fidaxomicinem, 3. pacient: 4,5 roku, Morbus Hirschprung, rozvoj klostridiové ko-
litidy pfi bronchopneumonii, zmén écby 3. den na fidaxomicin, pro respiracni selhani preklad na oddéleni anesteziologie a resuscitace, é¢ba pro klostridiovou kolitidu pferusena, 1
meésic na extrakorporalni membranové oxygenaci, za 2,5 mésice recidiva kolitidy, lécen vankomycinem

“metronidazole, "vancomycin, “fidaxomicin, “faecal bacteriotherapy, “treatment failure, see patient 3 in point?, ‘FMT by upper delivery failed due to vomiting, patient 1:16.3 years,
Crohn’s disease, treated with immunosuppressants, switched to fidaxomicin on day 6, patient 2: 2.1 years, Morbus Hirschsprung, Clostridium difficile infection following Salmonella
sepsis, progressive development of paralytic ileus, treated by surgery + fidaxomicin, patient 3: 4.5 years, Morbus Hirschsprung, Clostridium difficile infection during bronchopneu-
monia, switched to fidaxomicin on day 3, due to respiratory failure, transferred to PACU, treatment of Clostridium difficile infection discontinued, extracorporeal membrane oxyge-
nation for 1 month, Clostridium difficile infection recurred 2.5 months later, treated with vancomycin

prace v posledni dobé zdlraznuji nardst komunitné
ziskanych infekci. Obvykle se jedna o epidemiologické
prehledy, které neberou v tvahu kliniku [25, 26]. Jiné
studie dokonce zpochybnuji spojeni tradi¢nich riziko-
vych faktori a komunitné ziskané klostridiové kolitidy
[5, 27]. Pravdépodobné se jedna o chybné urcené koli-
tidy, které mohly souviset se Spatnym diagnostickym
algoritmem na klostridiovou kolitidu, nedostate¢nou
diagnostikou alternativnich patogenti na daném praco-
visti, insuficientnimi anamnestickymi daty o pacientovi
nebo odliSnym nastavenim kritéria ,komunitné ziskana
Klostridiova kolitida“. V nasem souboru hospitalizova-
nych pacientil predstavuje pouze 14 % (5/35).

Lécba klostridiové kolitidy v pediatrické populaci je shod-
na s doporucenou terapii u dospélych. Obecné byva prefe-
rovana v détské mediciné jako prvni volba metronidazol
i pfes jeho niz§i Géinnost a pomalej$i nastup Gcinku
(3, 28]. U mirnych prabéhi klostridiové kolitidy byva
obvykle dostacujici, u zdvaznéjsich pribéhi, rizikovych
pacientd a rekurentnich pfipadd kolitidy selhava a je
doporuceno zvolit alternativni 1é¢bu. Lékem prvni vol-
by je oralni vankomycin [2]. Podavani fidaxomicinu je
u détskych pacientd off-label terapie. Druha faze klinické
studie, ktera probihala na souboru 38 détskych pacientli
(11 mésicti az 17 let) s onkologickou diagnézou nebo gas-
trointestindlni poruchou, prokazala dobrou toleranci
a farmakokineticky profil jako u dospélych. Bylo pouZzito
davkovani 16 mg/kg na davku po 12 hod do maximalni
davky 200 mg [29]. V naSem souboru pacientfi byl pfede-
psan ve vice nez poloviné pfipad metronidazol vesmeés
s dobrym efektem a kratkou rezoluci prijmu. Zahrani¢ni

literatura podporuje u détskych pacienti jeho podavani
pfi mirném pribéhu [9, 28]. Z nasi zkusenosti v piipa-
dech, kde nechceme nebo nemuZeme riskovat selhani
1é¢by (u vysoce rizikovych skupin), volime jiZ pfi prvni
atace fidaxomicin s vybornym efektem. V zahrani¢ni li-
teratufe je zvaZovan u rizikovych détskych pacientd spise
jako rezervniu zdvaznych a rekurentnich klostridiovych
kolitid [28]. Rekurence jsme zaznamenali v 11,4 %,
po nasi 1é¢bé v jednom ptipadé (3 %). V zahranic¢nich
pramenech se pohybuje kolem 20 % [30], tedy obdobné
jako u dospélych [3,31]. Nizky pocet rekurenci v nasem
pripadé miiZe byt ovlivnén jednak celkové malym vzor-
kem pacientt (statistickd chyba), jednak nezahrnutim
ambulantnich pacientd, ktefi zejména na gastroentero-
logickych a onkologickych ambulancich jsou pii mirném
priubéhu odesilani do doméci 1é¢by s metronidazolem.

Zavazné prabéhy klostridiové kolitidy jsou u déti méné
bézné nez u dospélych, ale jsou popisovany [2]. Kritéria
pro hodnoceni tézké kolitidy jsou soucasti oficidlnich
doporuéeni primarné pro dospélou populaci [1-3]. Rada
zahrani¢nich praci se proto snaZzi o extrapolaci na dét-
ské pacienty, nebo vytvorily vlastni hodnotici postup
s riznym efektem [1, 3, 7, 8, 13, 32]. Podle ,,Ceskych*
kritérii [3] vychazejicich z evropskych doporucenti [1] jsme
urcili 15 pacientdi, ktefi byli vyhodnoceni jako ,,zavazné
Klostridiové kolitidy“. TiZe prabéhu kolitidy neodpovi-
dala danému zarazeni, ac¢koliv se v fadé pripadi jednalo
o primarné zavazné nemocné pacienty, coz napi. kritizuji
ibritsti autori [8]. Medianova doba rezoluce priijjmu byla
v porovnani celym souborem pacientfl totozna. Skupina
vesmeés dobfe odpovidala na lé¢bu metronidazolem.

Tabulka 4. Terapie zdvaznych klostridiovych kolitid za hospitalizace, 2013-2017
Table 4. In-hospital treatment of severe Clostridium difficile infection, 2013-2017

MET? VAN® MET+VAN FDX¢ FDX + stomie
Pocet pouziti ll 2 2 1 1
Median ustupu kliniky 2,5 3 3 S 1
Pocet selhéni 2f 0 0 1 0

2metronidazol, ®vankomycin, fidaxomicin, “fekalni bakterioterapie, ®pacient nedolécen, viz pacient ¢. 2 v odkazu’, 1. pacient: 2,1 rok{, Morbus Hirschprung, rozvoj klostridiové koliti-
dy po salmonelové sepsi, postupné rozvoj paralytického ileu, stav fesen chirugicky + dolécen fidaxomicinem, 2. pacient: 4,5 roku, Morbus Hirschprung, rozvoj klostridiové kolitidy
pfi bronchopneumonii, zména Iécby 3. den na fidaxomicin, pro respiracni selhdni preklad na oddéleni anesteziologie a resuscitace, lé¢ba pro klostridiovou kolitidu prerusena,

1 mésic na extrakorporalni membrénové oxygenaci, za 2,5 mésice recidiva kolitidy, lé¢en vankomycinem

smetronidazole, "vancomycin, “fidaxomicin, ‘faecal bacteriotherapy, *treatment discontinued, see patient 2 in point, ‘patient 1: 2.1 years, Morbus Hirschsprung, Clostridium difficile
infection following Salmonella sepsis, progressive development of paralytic ileus, treated by surgery + fidaxomicin, patient 2: 4.5 years, Morbus Hirschsprung, Clostridium difficile
infection during bronchopneumonia, switched to fidaxomicin on day 3, due to respiratory failure transferred to PACU, treatment of Clostridium difficile infection discontinued,
extracorporeal membrane oxygenation for 1 month, Clostridium difficile infection recurred 2.5 later, treated with vancomycin
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Ackoliv nami zvoleny hodnotici systém ma tendenci
nadhodnocovat, na druhou stranu identifikoval vSechny
pacienty s komplikovanym pribéhem.

Studie ma fadu limitaci. Mezi zdsadni omezeni patii ma-
1y vzorek pacientil, které prinasi riziko statistické chyby.
Dale zahrnuti pouze naseho pracovisté, ackoliv predsta-
vuje majoritu pacientd s diagnézou klostridiova kolitida
na Pracovisti détské mediciny FN Brno. Identifikace
virovych patogenti byla omezena jen na tfi viry. Stfevni
parazité nebyli ur¢ovani pro pfedpokladanou nizkou inci-
denci v dané populaci. Autofi si uvédomuji, Ze vylouceni
jiné priciny v ramci této prace u pacienta se ,,suspektni
klostridiovou kolitidou“ je znacné kontroverzni i vzhle-
dem k omezenosti pouzitych mikrobiologickych vysSetfeni
a ne zcela vyhovujici diagnostice klostridiové kolitidy.
V radmci praxe jsou lékafi ¢asto nuceni zahdjit cilenou
terapii na klostridiovou kolitidu po zvazeni rizikovych
faktortl a celkového zdravotniho stavu pacienta. Dalsi
pfipominky jsou jiz zminény v rdmci jednotlivych od-
stavcd.

ZAVER

Pribéh klostridiové kolitidy je obecné v pediatrické popu-
laci mirny. Klostridiova kolitida bez rizikového faktoru
jevzacna. V nasem souboru pfevladala klostridiova koli-
tida spojena se zdravotni péci. Pediatricti pacienti dobfe
odpovidaji na 1é¢bu metronidazolem. Fidaxomicin byl
uspésné tolerovan ve vsech pripadech. U vysoce riziko-
vych skupin (imunosuprese, syndrom kratkého stfeva,
nespecifické stfevni zanéty) preferujeme primarné 1écbu
fidaxomicinem.
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SOUHRNNE SDELENI

Progressive multifocal leukoencephalopathy -
epidemiology, immune response,
clinical differences, treatment

Snopkova S.', Stouraé P.2, Fasanekova L., Mihaléin M.’, Havlickova K., Svacinka R., Volfova P.3,

Snopek P.4, Husa P.!

Klinika infekénich chorob FN Brno a LF MU, Brno
’Neurologicka klinika FN Brno a LF MU, Brno

Interni hematoonkologicka klinika FN Brno a LF MU, Brno
“Fakulta humanitnich studii UTB, ZIin

ABSTRACT

Progressive multifocal leukoencephalopathy (PML) is a severe
disease of the central nervous system with very high mortality.
It is caused by the JC virus with high seroprevalence, at up to
80%. Development of PML is typically opportunistic, particularly
in acquired immunodeficiency syndrome, and usually affects pati-
ents with profound immunodeficiency. Furthermore, as a result of
highly efficient immunosuppressive and immunomodulatory tre-
atments in recent years, the number of PML cases has increased

SOUHRN

Snopkova S., Stouraé P., FaSanekova L., Mihaléin M., Havlickova
K., Svacinka R., Volfova P., Snopek P., Husa P.: Progresivni
multifokalni leukoencefalopatie - epidemiologie, imunitni
odpovéd, klinické rozdily, Iécba

Progresivni multifokdIni leukoencefalopatie (PML) je zavazné
onemocnéni centrdini nervové soustavy s velmi vysokou morta-
litou. Pfi¢inou onemocnéni je JC virus s vysokou séroprevalencf
dosahujici az 80 %. PML je typické oportunni onemocnéni
vyskytujici se zejména u syndromu ziskané imunodeficience
u pacientd s hlubokym imunodeficitem. Pocet pripadl PML se

INTRODUCTION

Progressive multifocal leukoencephalopathy (PML) is
a severe demyelinating disease of the central nervous
system (CNS) with rapid progression and fatal outcome,
which affects the white matter of the cerebral hemi-
sphere [1-3]. It is caused by the JC virus (JCV), a polyoma
virus found worldwide with high seroprevalence, at up
to 80% [1, 4]. JCV was named after the patient with PML
whose initials were J.C. in 1971 [4]. But PML is not the
only a brain disorder. Besides the infection of oligoden-
drocytes also disorders induced by infection of neurons
were detected. Other disorders that have been described
include granule cell neuronopathy (GCN) of the cerebel-
lum [5] and a fulminant JCV encephalopathy involving
cortical pyramidal neurons [6, 7]. In addition, PML can
present clinically as a JCV-associated meningitis in the
absence of encephalitis [4].

The overall incidence of PML in the general population is
recorded to be 4.4/100 000 inhabitants/year [8].
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in the general population. In this article, the authors mention
virological and epidemiological relationships and characteristic
manifestations of PML. Possible relationships of humoral and
cellular immunity are discussed and limited treatment options
including prophylaxis are mentioned.

KLICOVA SLOVA
cellular immunity - CD4/CDS8 ratio - HIV - multiple sclerosis
- progressive multifocal leukoencephalopathy

vSak v poslednich letech zvysuje také u vSeobecné populace
jako dusledek vysoce ucinnych imunosupresivnich a imuno-
modulacnich lé¢ebnych postupl. V tomto ¢lanku autori uvadéji
virologické a epidemiologické souvislosti a charakteristické
projevy PML. Jsou diskutovdny mozné vztahy humorainf a
bunécné imunity a jsou zminény omezené moznosti [écby
véetné profylaxe.

KLICOVA SLOVA
bunééna imunita - pomér CD4/CD8 - HIV - sclerosis
multiplex - progresivni multifokalni leukoencefalopatie

Epidemiol. Mikrobiol. Imunol, 68, 2019, ¢. 1, 5. 24-31

A dramatic 50-fold increase in the incidence occurred
with the human immunodeficiency virus (HIV) epi-
demic [9]. Patients with HIV-1 infection make up 4/5
of all patients analyzed in literature [8]. PML is the 3rd
most common infectious neurological disease seen in
HIV-positive patients, and was an extremely rare disor-
der prior to the acquired immunodeficiency syndrome
(AIDS) pandemic [10]. Development of PML is typically
opportunistic and it usually affects patients with pro-
found immunodeficiency due to HIV infection [1, 8]. The
1-year survival in HIV-positive patients treated with ART
is 38-62% [11, 12]. Furthermore, as a result of highly ef-
ficient immunosuppressive and immunomodulatory
treatments in HIV-negative patients in recent years, the
number of PML cases has increased in this population [4].
In multiple sclerosis (MS), PML has been reported in
two MS patients treated with fingolimod and in one
patient treated with dimethyl fumarate [13]. PML was
also reported in three patients receiving dimethyl fu-
marate both with and without lymphopenia, but these



patients were treated for psoriasis and not for MS [14].
Three cases of PML were reported in patients treated with
natalizumab in 2004, two of them were treated for MS
and one of them for Morbus Crohn. The drug was rein-
troduced in the market in 2006 with new precautions
as monotherapy for relapsing-remitting MS patients
with high disease activity. Despite this new precau-
tions, additional three cases were diagnosed in 2008,
nine cases were diagnosed in 2009 [15] and numbers
of PML cases steadily rose with 566 confirmed cases by
2015 [16-19]. The global overall risk for patients on natali-
zumab is estimated to be 3.96/1000 patients [11, 20]. The
risk of PML increases with longer treatment duration
with maximum risk of 6.11-8.3/1000 patients at 24
months. Previous treatment with immunosuppressant
drugs increases risk reaching a maximum incidence of
13/100 000 JC antibody negative patients on natalizumab
for more than 49 months. The mortality rate in natali-
zumab associated PML is approximately 22%.

PML was originally rarely associated with lymphoma
[21]. PML is also associated with other conditions such
as other hematological malignancies, organ transplan-
tation, solid malignancies, sarcoidosis, autoimmune
disorders (e. g. lupus, rheumatoid arthritis), and con-
genital immune deficiencies (e. g. idiopathic CD4+ T
lymphocytopenia) [21, 22]. These populations account for
less than 10% of all reported PML cases [23].

Taken together, conditions associated with PML are as
follows: HIV-AIDS defining 1/100/year without ART;
6/10 000/year with ART; hematologic malignancies
8.3/100 000/year in lymphoma; rheumatologic condi-
tions 1/100 000/year, organ transplants (heart, lung,
kidney) 1/1000; bone marrow transplants 3.5/10 000/
year; immunomodulatory treatments (i. e. in MS) 1/1000/
year [11, 20].

THE JCV GENOME

JCV is a dsDNA naked neurotropic polyomavirus; but it
is still incompletely understood how the virus infects
the CNS [9]. Severe, prolonged immunosuppression
may lead to JCV dissemination to the CNS from sites of
persistence (kidney, bone marrow, lymphoid organs,
tonsils, spleen), or to reactivation of dormant virus al-
ready present in the CNS [24, 25].

Nucleotide sequence analysis of JCV in peripheral blood
mononuclear cells (PBML), urine, and cerebral spinal
fluid (CSF) of PML patients has revealed JCV sequen-
ce variations and rearrangements that influence viral
pathogenicity and tropism [24, 26, 27].

JCV persists in at least two forms: a non-pathogenic
form (archetypal virus) and a neurotropic form that
contains a rearranged non-coding control region (NCCR)
[23, 24, 28].

Kidney-resident archetypal JCV strains which was iso-
lated from the urine of healthy individuals, is highly
conserved [7]. The archetypal virus was isolated from
sewage samples from different geographical areas sug-
gesting a possible transmission by contaminated food,
water and fomites [29].

Archetypal JCV strains can turn into neurotropic JCV
strains during immunosuppression [7, 9, 30]. Upon
immunosuppression and reactivation of the virus, rear-

SOUHRNNE SDELENiI

rangements within the hyper-variable region occur and
contain determinants for neurotropism and neuroviru-
lence correlating with viral spread and development of
PML [7, 31].

Glial cells (the main targets of JCV in the brain) and B
cells, but not T cells, both express nuclear DNA binding
proteins that interact with the regulatory region of the
JCV genome and may permit JCV replication [24]. Two
transcription factors (NF-1X and Spi-B) important for
JCV genome transcription are upregulated in glial cells, B
cells and hematopoetic progenitor cells [24, 27, 32]. Spi-B
binding sites are present in the promoter/enhancer of JCV
neurotropic variants but not in the archetypal virus [24].
Replication of the JCV genome is dependent on a viral pro-
tein, termed T antigen (T-ag). T-ag contains several func-
tional regions, including the helicase domain [7.33-35].
T-ag is a hexameric protein with a helicase activity that
is powered by ATP binding and hydrolysis. The helicase
and ATPase function is critical for viral replication [35].
The induction of early gene transcription by JCV T-ag is the
first step in viral replication and a key potential target for
blocking reactivation of JCV [33, 36, 37].

Thus, the following conditions are required for JCV-
-induced PML to occur: changes in the NCCR that enhance
viral transcription and replication; presence of transcrip-
tion factors that bind to the rearranged NCCR; immuno-
deficiency [24]. Other factors such as an individual genetic
predisposition may also be necessary [11, 24, 38].

IMMUNOPATHOGENESIS OF PML

Innate immunity plays a central role in CNS protection
against a variety of neurotropic viruses [39]. On the other
hand, symptomatic JCV infection of the CNS is associa-
ted with disturbances of adaptive immunity affecting B
cells, antibodies, and CD4+ and/or CD8+ T cells. But it
is still not fully understood, which components of the
immune system prevents development of PML and
which immune mechanisms are involved in elimina-
ting the virus from CNS [30]. Upon the suppression of
CD4+ and CD8+ T-cell mobilization, as occurs with HIV
infection or during immunomodulating therapy, the
JCV enters the brain, either with B cells or as a cell-free
virus, where it infects and kills oligodendrocytes, leading
to demyelination [9]. Patients who develop PML have
a pathogenic form of the virus, with specific changes
in the regulatory region and the major viral capsid pro-
tein VP1 that may facilitate the spread of the virus from
the periphery to the brain [40].

B cells, the antibody producing cells of the immune
system, can serve as a viral reservoir and may help disse-
minate the virus in the brain [20, 24]. At the same time
B cells are not an important component of the adaptive
immune response which do not may play a role in JCV
control [24]. Neutralizing antibodies against JCV, typi-
cally found in most individuals, neither protect against
the development of PML, nor effectively clear the virus
from the body [36]. Intrathecal synthesis of oligoclonal
antibodies against VP1, the major structural protein of
JCV, is also found in PML patients, but its protective
effect is unclear [24] and the humoral response alone
is inefficient at clearing JCV infected cells [15].
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Many disorders lead to oligoclonal IgG bands (OBs) in
serum, which may also be presented in the CSF due to
disruption of the blood-brain barrier (BBB). Identical OBs
in CSF and serum (type 4) - so called “mirror-pattern” -
suggest systemic immune activation, without local IgG
synthesis in the CNS. OBs in the CSF with additional
identical OBs in both CSF and serum indicate systemic
and intrathecal immune activation (type 3) - a combi-
nation of type 2 and 4. Presence of OBs type 2 confirmed
intrathecal IgG production without systemic activation
suggests an alteration in the CNS parenchyma or CSF
compartment. It is non-specific and can be demonstra-
ted in numerous affections of the CNS [41]. In factitis
unclear what the OBs are [42].

The role of B cells in JCV infection and PML is likely
more complex. B cells may help to control JCV infection
through functions other than antibody production.
B cells secreting Th1-type cytokines such as INF-y probably
enhance the Thl response and thereby help to establish
effective CD8 T cell activity against JCV [24].

Cell-mediated immunity plays a more effective role in
clearing initial or reactivated JCV infection before PML
occurs [43]. Cellular immunity and increase in CD4+ cell
counts appears to play a crucial role in the control of the
JCV infection [24]. Several lines of circumstantial evidence
exist suggesting that CD4+ helper T cells are crucial to the
prevention of JCV spread [36]. Specific CD4+ T cells have been
detected in the blood of patients who have survived PML,
and the number of these cells correlates with JCV clearance
from the CSF [9]. However, CD4+ T cell count alone cannot
predict disease progression, suggesting that other cell
types are also crucial for viral containment [36, 44].

A low CD4/CDS8 ratio reflects immunologic dysregula-
tion because cytotoxic CD8+ cells (CTLs) are extremely
destructive and induce apoptosis in the target cells [45].
Expansion of the CD8+ compartment is accompanied by
adverse cellular changes and excessive defense anti-JCV
response. This CD8+ CTL response plays an important role
in controlling replication of JCV by killing infected cells [4]
and controlling replication of many viruses [36].

CTLs recognize the epitopes of viral proteins presented on
the class I HLA molecules preventing further spread of the
virus. Increased CTLs are usually detected in the blood of
PML survivors [9, 17], in PML lesions where they aggregate
around infected cells and rarely in patients with PML, who
have a fatal outcome within 1 year from disease onset [9].
Even if the CD8+ T cell population stayed constant, the
CD4/CDS8 ratio has improved with improvement in the
CD4+ count alone. It also seems to lead to normalization of
immunological functions. A reduction of the CD4/CD8 ratio
might facilitate the occurrence of PML [46]. More recent
studies have suggested that while overall CTL responses
are dampened in PML patients, those patients who do elicit
a CTL response against T-antigen or VP1 may have better
clinical outcomes [47]. Comparatively, PML seen in MS pati-
ents on natalizumab appears to be associated with a better
clinical outcome compared to the course of the disease in
HIV-1 positive PML patients [18, 36]. It suggests that the
ability to effectively reconstitute relevant lymphocyte
populations within the CNSis a critical feature of survival
[48]. HIV-positive patients have long-term T cell depletion
and a limited regenerative potential.
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PML-IRIS

In the immunocompromised host, classical PML causes
lytic infection of oligodendrocytes and morphological
changes of astrocytes in the absence of an inflammatory
response [49, 50].

Once immune function is restored following ART in HIV-
-positive patients, adaptive immune mechanisms lead
to an inflammation in the area of the PML lesion, which
isreferred to as immune reconstitution inflammatory
syndrome (IRIS). Inflammation in IRIS also seems to be
driven by a dominant cytotoxic T cell response, which
is massively exaggerated during IRIS [4]. Although the
immune mechanisms underlying IRIS mediate the elimi-
nation of JCV from the brain, the resulting inflammation
can cause additional brain damage and may lead to the
death of the patients.

Immune reconstitution in PML can lead to IRIS in 10 to
30% of HIV-positive patients [49].

Another risk population is patients treated with natali-
zumab, mainly anti-JCV positive patients. IRIS is caused
by an excessive immune response and inflammatory
damage to neuronal and glial tissue. In natalizumab
cases after the effective clearing of natalizumab, lym-
phocytes enter the central nervous system to attack JCV.
The clinical impact of IRIS should not be underestimated,
because it can worsen the disability and increase morta-
lity to up to 30% [18].

The risk increases significantly after 2-4 years of tre-
atment. IRIS is observed in majority (70%) of patients
within days or weeks following discontinuation and
removal of natalizumab [23]. In some studies PML-IRIS is
found in up to 86% [14]. The survival rate is 77%, however,
40% of survivors suffered of severe disability, disability
of 47% was classified as moderate and 13% developed mild
disability [23].

CLINICAL SYMPTOMS

Common clinical findings include motoric weakness,
gaitabnormalities, mono- and hemiparesis, visual field
deficits, speech and language disturbances, and incoor-
dination. Symptoms tend to progress rapidly over several
weeks to months [12, 51, 52, 53].

PML should be considered in the differential diagnosis of
any MS patient on natalizumab treatment with new neu-
rological symptoms. The PML must be considered in any
MS case treated with natalizumab when new neurological
symptoms emerge. If the diagnosis is delayed, symptoms
progression may accelerate and worsen over time.

The clinical presentation of PML in natalizumab-associ-
ated cases is heterogeneous and may include focal and
non-focal neurological deficits including neurobehavi-
oral, motoric, language and visual functions. Cognitive
deficits usually are not the most common symptoms.
However, rare brainstem involvement causes the most
severe symptoms. PML can also be detected in patients
who are asymptomatic - then the first symptoms can be
non-specific and subtle and may be considered as sym-
ptoms of a multiple sclerosis relapse [54, 55]. Symptoms
in the mid and later stages of the disease can be diagno-
sed as stroke or seizures disorder; especially seizures
occur in 20% of patients with PML [56]. In HIV-positive



patients the most common findings at the time of initial
physical examination were weakness (54%), followed by
gait abnormalities (20%), cognitive abnormalities (20%),
dysarthria (24%), aphasia (19%), sensory loss (19%), visual
impairment (17%), and oculomotor palsy (6%). In some
cases, the coexistence of encephalitis with HIV infection
could have accounted for some of the symptoms [53].
The mortality rate in natalizumab-associated PML cases
is approximately 22% [57]. This is a considerably lower
number than in the HIV-associated form with rapid pro-
gression and fatal outcome [18]. But the survivors suffer
in 90% by moderate or severe disability.

DIAGNOSIS OF PML

No single criterion establishes the diagnosis of PML.
It requires clinical, imaging, and virological evidence.
However, a working group of the American Academy
of Neurology (AAN) has proposed an algorithm for the
diagnosis of this disease. The presence of classic radio-
graphic findings and clinical features consistent with
diagnosis, coupled with a positive CSF JCV polymerase
chain reaction (PCR) is sufficient for the unequivocal
diagnosis of PML [51].

The first step in positive diagnosis is magnetic resonan-
ce imaging (MRI). Cranial MRI is very sensitive to the
presence of white matter lesions. Irregular multifocal
lesions of demyelination occur usually in parietal, frontal
or occipital lobes and less often in temporal lobes [12, 19,
51-55]. Currently there is no consensus how often MRI
scan should be done in MS patients on natalizumab
treatment, but usually MRI scans are performed every
3-4months in the subgroup of patients with the highest
risk of PML with the aim to catch the preclinical stage of
PML and to ensure a better prognosis.

The presence of JCV antibodies in the serum of MS pa-
tients expressed and stratified as JCV antibody index
reflects therisk in a semi-quantitative manner. A high
index value indicates that the risk to develop PML is
significantly elevated, although probably about 99% of
patients with this index value will not develop PML [60].
The value of the JCV antibody index in the range of 0-0.9
is considered negative, in the range 0.9-1.5 as a mild
risk factor and values higher than 1.5 represent relati-
vely high risk values [11, 20]. It is unclear why natalizu-
mab patients with higher JCV antibody titers would be
a greater risk of developing PML [36]. JCV antibody index
can only reflect statistical risk estimations that need
to be combined with individual risk-assessment [61].
PCR detection of JCV DNA in CSF can be used to confirm
the PML diagnosis and has been shown to have diagnos-
tic sensitivity of 70-80% and specificity of virtually 100 %
[7]. The sensitivity with newer ultrasensitive techniques
is as high as 95% [62]. CSF sampling is of greatest value
in demonstrating JVC presence by PCR [51]. Lower CSF
JCV DNA at the time of diagnosis is related to less dis-
ability prior to PML diagnosis. High viral load of JCV
DNA > 10,000 copies/ml of CSF is associated with poor
prognosis [48]. The absence of JCV DNA by CSF PCR does
not exclude the PML diagnosis and it therefore should
not be assumed that the CSF compartment provides an
accurate representation of infections within the brain
parenchyma [36].
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Examination of CSF samples (cell counts, CSF proteins,
glycorrhachia) has no predictive value in diagnosing PML
[1, 51]. Also, the absence of JCV in urine does not rule out
the possibility of developing PML [63].

TREATMENT

Specific PML treatment is not yet available [1, 8, 52].
Reconstituting the protective immunity or reversing
the immunosuppression is so far the best way to elimi-
nate JCV infection from the CNS and to overcome PML.

The therapy for the PML-IRIS syndrome includes high
dose of corticosteroids to limit this excessive inflam-
matory reaction [65]. But the use of corticosteroids to
treat IRIS may limit JC viral clearance [66]. In some cases
maraviroc (antiviral agent) can be used as a corticoste-
roid-saving agent in the treatment of IRIS. In three cases,
maraviroc did not show any clear effect in modulating
the clinical course of PML preventing IRIS. Moreover,
once PML-IRIS emerged, the clinical stabilization was
achieved only with the use of corticosteroids. Thus,
the use of maraviroc should be regarded with extreme
caution according to some authors [67]. On the other
hand although some investigators have recommended
corticosteroid therapy for PML-IRIS, no controlled trials
have been conducted and caution has been advised [53].
In some PML populations, immune reconstitution can-
not be achieved - patients with depressed bone marrow,
organ recipients, in whom it could lead to graft rejection.
Some PML patients may not develop IRIS at all because
of persisting severe immunosuppression related to hae-
matological malignancy, or treatment with rituximab
or alemtuzumab [49]. PML is a lethal disease for these
patients. The only effective treatment option for these
PML patients would be a direct anti-JCV therapy, which
is currently unavailable [23, 49].

Previous studies have also identified the SHT2A serotonin
receptor as a receptor for the virus, but most evidence
suggest that the initial steps of viral infection can occur
in a broad range of cell types. Since JCV infection of glial
cells involves serotonergic SHT2A receptors, medications
targeting these receptors have also been proposed as po-
tential adjuncts [25, 67, 68]. SHT2A receptors inhibitors are
active in vitro against JCV [69]. The atypical antidepressant
mirtazapine has been shown to inhibit viral entry into
unaffected glial cells and to block infection of oligodend-
rocytes with JCV, preventing further demyelination [25].
Use of the mirtazapine has been associated with clinical
improvement in some PML patients, with earlier tre-
atment related to better outcomes [67, 70].

Mefloquine works through a different mechanism,
inhibiting JCV replication in cells after viral entry [71].
Mefloquine is able to cross the blood-brain barrier (BBB)
and reach a concentration sufficient to suppress JCV
replication in the brain by binding to the T-ag [23, 25, 71].
T-ag and its helicase domain are critical for viral repli-
cation [21]. Mefloquine showed significant suppression
of JCV DNA replication [23, 72].

Moreover, mefloquine is an inhibitor of the efflux protein
P-glycoprotein (P-gp) and it is an ATP-binding cassette
(ABC) transporter [73-75]. ATP-binding cassette transpor-
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ters are known to function as barrier proteins to extrude
toxins and xenobiotics from cells. P-gp is critical among
these transporters [76].

The case of a man with PML treated with mirtazapine
and mefloquine has recently been described. Under
treatment, the rearrangement changed toward the ar-
chetypal sequence [31].

In another case clinical progression of PML stopped
immediately after mefloquine treatment was described
in a woman with sarcoidosis [77]. However, the results
of all observations are not entirely unambiguous and
mefloquine did not show evidence of in vivo antiviral
activity against JCV in some studies [78, 79]. A clinical
trial of mefloquine in patients with PML had to be pre-
maturely terminated due to lack of efficacy [79].

Potential candidate for treatment or prophylaxis of PML
can be broadly categorized into three groups: antiviral
agents, immune response modulators, and immuni-
zation strategies [23]. More identified potential drug
candidates can be investigated. So far significant limi-
tations in the development of treatment include e.g.
lack of good animal PML models, the toxicity profile of
potential anti-JCV drugs, the lacking ability to cross the
BBB, recruitment of study subjects and others [23, 36].

Clinical settings concerning PML in natalizumab patients
are continuously evolving in the MS treatment algorithm
(11, 20]. The treatment and subsequent clinical course in
patients with natalizumab-associated PML are based on
restoration of immune functions by immediate removal
of drug [64]. This is typically done by plasma exchange
or immunoadsorption which clears natalizumab from
the circulation. Three to five plasma exchanges usually
are required over two weeks. Discontinuation of mono-
clonal antibody treatment triggers rapid expansion and
enhanced trafficking of immune cells across the BBB and
often leads to the development of immune-mediated IRIS
and the temporary worsening of clinical symptoms [36].
Some PML patients treated with plasma exchange will
experience rapid worsening of neurological symptoms
aft er clearance and develop IRIS [4]. MS patients, after
temporarily stopping the immunomodulatory agent,
have to begin a new with some other immunomodula-
tory agent to prevent progression of their MS disease. It
means a relapse is possible.

Antiretroviral therapy should be started immediate-
ly in HIV-positive patients [1, 52]. Disease progression
seems to be slower in patients on effective ART [1,8],
because the most important determinant for survival is
restoration of the immune system [53] and HIV-positive
patients stay on lifelong ART.

RECAPITULATION

In the classical era, PML was an extreme rare disorder
which occurred in patients with lymphoproliferative
and myeloproliferative disorders possibly due to a lack
of a JCV specific immune response as a result of uncon-
trolled expansion of other immune cell types due to the
cancer. PML became exponentially more prevalent with
the onset of the HIV-1 pandemic. HIV-1 positive patients
with depleted CD4+ T cell counts, became increasin-
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gly vulnerable to the development of PML, suggesting
that this cell type plays an important role in immune
surveillance of JCV [36]. More recently, cases of PML ha-
ve been documented in immunocompromised patients
undergoing immunosuppressive and immunomodula-
tory therapy, which seems to disrupt normal immune
surveillance by CD8+ T cells in the CNS and allows for the
uncontrolled reactivation of JCV and the PML onset [9, 36].
Also PML has been reported in the number of distinct
immunodeficiency such as Wiskott-Aldrich syndrome,
severe combined immunodeficiency syndrome, X-linked
hyper-IgM syndrome, hyper IgE syndrome, adenosine dea-
minase deficiency, X-linked agammaglobilinemia, purine
nucleoside phosphorylase deficiency and others [38, 49].
Immunodeficiency is highly relevant risk factor, but
alone does not predict who will develop PML, since the
vast majority of individuals with classical risk factors
will not develop the disorder. Other factors need to be
considered and there is growing evidence for the role of
host genetic factors in susceptibility to PML [38].

The biological properties, the pathological transforma-
tion and the life cycle of the JCV in the host organism
are still poorly understood. Recent data suggest that
CD4+ and CD8+ T cells of the cellular immune system are
crucial to the prevention of JCV spread. Some research
suggests that the occurrence of PML in the context of
B-lymphocyte depletion are not the principal vehicle for
JCV to enter the brain, but also that humoral immunity
might play arole in the control of JCV replication [46]. So
far, we know very little about the interaction of different
virological, immunological, genetic and other factors
that allow some individuals to clinically manifest PML.

There is no effective therapy for treating JCV infections
and fatal PML [62]. Treatment is complicated. The main
approach to treatment is to preserve immune function
or reverse immunosuppression. The most important
determinant for survival is restoration of the immune
response by antiretroviral therapy in HIV-positive pati-
ents and discontinuation of immunomodulatory therapy
in HIV-negative patients. But only a minority of these
patients recover with mild to moderate disability [23],
because these measures are not a factual PML treatment,
but only non-specific measures that reduce the impact
of immunodeficiency as a risk factor for development
of PML.

However, it is not always possible to stop immune sup-
pression, for example in organ transplant patients,
in whom it could lead to graft rejection, in patients
with persisting severe immunosuppression related to
hematological malignancy or in patients with immu-
nosuppression during chemotherapy of solid cancers
[49]. Outcomes in these PML populations are poor [23].
There is no effective specific antiviral therapy for tre-
ating as well as preventing JCV infection or PML [62].
Completed and published PML treatment clinical studies
reveal the difficulty of studying potential therapies,
including rarity and rapid progression of the disease and
short life expectancy.

Studies aimed at prevention of PML may have a better
chance at delivering positive outcome [23]. Prevention of
progressive immunosuppression by initiation of antire-



troviral therapy is the most effective way to prevent PML
in HIV-positive patients [52]. Active prophylactic im-
munization of healthy individuals or patients under tre-
atments with PMLrisk has the potential to prevent PML
or, in seronegative individuals, even the establishment
of latent/persistent infection altogether. The active
therapeutic immunization would be most suitable
for patients with residual and restorable immune func-
tion [49] whereas passive immunization would be an
attractive alternative for populations in which immune
system response cannot be boosted due to chronic im-
munodeficiency [23].

CONCLUSIONS

With the introduction of antiretroviral treatment, the
incidence of PML in HIV-positive patients decreased,
but the growing use of immunosuppressive and immu-
nomodulatory therapies for various diseases has led to
an alarming increase of PML cases among patients with
conditions that were previously not associated to any sig-
nificant PML risk. We can expect to meet PML more fre-
quently than hitherto due to the high seroprevalence of
the JCV and a worldwide distribution in the population.
Abetter understanding of the complex relations between
JCV and different cell compartments may have signifi-
cant implications for the prevention and treatment of
PML. Accurate identification and stratification of the
risky populations, as well as biomarkers and cytokine
profiles which are evidence of JCV activation are needed
to monitoring and early intervention. Also important
is the development of specific drugs and prophylaxis.
Further biological, clinical and pharmacological research
and studies are necessary.

REFERENCES

1. Hoffmann C. Opportunistic infections. In: Hoffmann C, Rockstroh JK.
HIV 2015/2016. Hamburg: Medizin Fokus Verlag; 2015. pp. 377-380.

2. Smolle E, Trojan A, Schuster SJ, et al. Progressive multifocal leuko-
encephalopathy - a case report and review of the literature. In Vivo,
2014;28(5):941-948.

3. Sudhakar P, Bachman DM, Mark AS, et al. Progressive multifocal
leukoencephalopathy: recent advances and a neuro-ophthalmological
review. J Neuroophthalmol, 2015;35(3):296-305.

4. Bauer J, Gold R, Adams O, et al. Progressive multifocal leukoen-
cephalopathy and immune reconstitution inflammatory syndrome
(IRIS). Acta Neuropathol, 2015;130(6):751-764.

5. Koralnik 1J, Wuthrich C, Dang X, et al. JC virus granule cell neu-
ronopathy: a novel clinical syndrome distinct from progressive multi-
focal leukoencephalopathy. Ann Neurol, 2005;57(4):576-580.

6. Wuthrich C, Dang X, Westmoreland S, et al. Fulminant JC virus en-
cephalopathy with productive infection of cortical pyramidal neurons.
Ann Neurol, 2009;65(6):742-748.

7. Shin J, Phelan PJ, Chhum P, et al. Analysis of JC virus DNA rep-
lication using a quantitative and high-throughput assay. Virology,
2014;468-470:113-125.

8. Rozsypal H, Jilich D, Hubacek P, et al. Uskali diagnostiky progresivni
multifokalni leukoencefalopatie u pacientl infikovanych lidskym virem
imunodeficience - kazuistiky. Cesk Slov Neurol N, 2013;76/109(4):501-
507.

9. Bellizzi A, Anzivino E, Rodio DM, et al. New insight on human poly-
omavirus JC and pathogenesis of progressive multifocal leukoen-

SOUHRNNE SDELENiI

cephalopathy. Clin Dev Immunol, 2013;2013:839719 [cit. 2017-12-12].
Dostupné na www: https://www.ncbi.nim.nih.gov/pmc/articles/
PMC3652120/

10. Delbue S, Elia F, Carloni C, et al. JC virus load in cerebrospinal fluid
and transcriptional control region rearrangements may predict the
clinical course of progressive multifocal leukoencephalopathy. J Cell
Physiol, 2012;227(10):3511-3517.

11. Mateen FJ, Muralidharan R, Carone M, et al. Progressive multi-
focal leukoencephalopathy in transplant recipients. Ann Neurol,
201;70:305-322.

12. Augusto L, Neves N, Reis C, et al. Clinical and radiological char-
acterization of progressive multifocal leukoencephalopathy in HIV-
infected patients: A retrospective analysis and review of the literature.
Acta Med Port, 2015;28(3):286-296.

13. US Food and Drug Administration (2014): Drug safety and avail-
ability - FDA Drug Safety Communication: FDA warns about rare case
of brain infection PML with MS drug Tecfidera (dimethyl fumarate)
[cit. 2017-04-10]. Dostupné na www: http://www.fda.gov./Drugs/
DrugSafety/ucm.424625.htm

14. Ermis U, Weis J, Schulz JB. PML in a patient treated with fumaric
acid. N Engl J Med, 2013;368(17):1657-1658.

15. Linda H, von Heijne A Major EO, et al. Progressive multifocal leu-
koencephalopathy after natalizumab monotherapy. N Engl J Med,
2009;361(11):1081-1087.

16. Nieuwkamp DJ, Murk JL, Van Oosten BW, et al. PML in a patient
without severe lymphocytopenia receiving dimethyl fumarate. N Engl
J Med, 2015;372(15):1474-1476.

17. Perkins MR, Ryschkewitsch C, Liebner JC, et al. Changes in JC
virus-specific T cell responses during natalizumab treatment and in
natalizumab-associated progressive multifocal leukoencephalopathy.
Plos Pathog, 2012;8(11):e1003014 [cit. 2017-11-12]. Dostupné na www:
https://doi.org/10.1371/journal.ppat.1003014.

18. Vermersch P, Kappos L, Gold R, et al. Clinical outcomes of natal-
izumab-associated progressive multifocal leukoencephalopathy.
Neurol, 2011;76(20):1697-1704.

19. Yousry TA, Pelletier D, Cadavid D, et al. Magnetic resonance imag-
ing pattern in natalizumab-associated progressive multifocal leukoen-
cephalopathy. Ann Neurol, 2012;72(5):779-787.

20. Amend KL, Turnbull B, Foskett N, et al. Incidence of progres-
sive multifocal leukoencephalopathy in patients without HIV. Neurol,
2010;75(15):1326-1332.

21. Power C, Brown Gladen JG, Halliday W, et al. AIDS and non AIDS
- related PML association with distinct p53 polymorphism. Neurol,
2000;54(3):743-746.

22. Aotsuka Y, Uzawa A, Nishimura K, et al. Progressive multifo-
cal leukoencephalopathy localized in the cerebellum and brainstem
associated with idiopathic CD4+ T lymphocytopenia. Intern Med,
2016;55(12):1645-1647.

23. Pavlovic D, Patera AC, Nyberg F, et al. Progressive multifocal leu-
koencephalopathy: current treatment options and future perspec-
tives. Ther Adv Neurol Disord, 2015;8(6):255-273.

24. Durali D, de Goer de Herve M-G, Gasnault J, et al. B cells and pro-
gressive multifocal leukoencephalopathy: search for the missing link.
Front Immunol, 2015;6:241 [cit.2017-07-10]. Dostupné www: https://
doi.org/10.3389/fimmu.2015.00241.

25. Epperla N, Medina-Flores R, Mazza JJ, et al. Mirtazapine and me-
floguine therapy for non-AlDS-related progressive multifocal leukoen-
cephalopathy. WMJ, 2014;113(6):242-245.

26. Tan CS, Dezube BJ, Bhargava P, et al. Detection of JC virus DNA
and proteins in the bone marrow of HIV-positive and HIV-negative
patients: implications for viral latency and neurotropic transformation.
JInfect Dis, 2009;199(6):881-888.

27. Marshall LJ, Ferenczy MW, Daley EL, et al. Lymphocyte gene ex-
pression and JC virus noncoding control region sequences are linked

2019,68,¢1  EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE

29



30

SOUHRNNE SDELENI

with the risk of progressive multifocal leukoencephalopathy. J Virol,
2014,88(9):5177-5183.

28. Bellizzi A, Nardis C, Anzivino E, et al. Human polyomavirus JC re-
activation and pathogenetic mechanisms of progressive multifocal
leukoencephalopathy and cancer in the era of monoclonal antibody
therapies. J Neurovirol, 2012;18(1):1-11.

29. White MK, Khalili K. Pathogenesis of progressive multifocal leuko-
encephalopathy-revisited. J Infect Dis, 2011; 203(5):578-586.

30. Jelcic |, Faigle W, et al. Immunology of progressive multifocal leu-
koencephalopathy. J Neurovirol, 2015;21(6):614-622.

31. Kurmann R, Weisstanner C, Kardas P, et al. Progressive multifo-
cal leukoencephalopathy in common variable immunodeficiency:
mitigated course under mirtazapine and mefloquine. J Neurovirol,
2015;21(6):694-701.

32. Marshall LJ, Dunham L, Major EO. Transcription factor Spi-B binds
unique sequences present in the tandem repeat promote/enhancer
of JC virus and supports viral activity. J Gen Virol, 2010;91(12):3042-
3052.

33.Bonafoux D, Nanthakumar S, Bandarage UK, et al. Fragment-based
discovery of dual JC virus and BK virus helicase inhibitors. J Med
Chem, 2016; 59(15):7138-7151.

34. Randhawa P, Zeng G, Bueno M, et al. Inhibition of large T antigen
ATPase activity as potential strategy to develop anti-polyomavirus JC
drugs. Antiviral Res, 2014;0:113-119.

35. Seguin SP, Ireland AW, Gupta T, et al. A screen for modulators of
large T antigen’s ATPase activity uncovers novel inhibitors of Simian
Virus 40 and BK virus replication. Antiviral Res, 2012;96(1):70-81.

36. Beltrami S, Gordon J. Immune surveillance and response to JC vi-
rus infection and PML. J Neurovirol, 2014;20(2):137-149.

37. Sariyer IK, Merabova N, Patel PK, et al. Bag3-induced autophagy
is associated with degradation of JCV oncoprotein, T-Ag. PLoS One,
2023:7:e45000 [cit. 2017-09-12]. Dostupné na www: https://doi.
org/10.1371/journal.pone.0045000.

38. Hatchwell E. Is there a (host) genetic predisposition to progres-
sive multifocal leukoencephalopathy? Front Immunol, 2015;6:216
[cit. 2017-10-12]. Dostupné na www: https://www.frontiersin.org/ar-
ticles/10.3389/fimmu.2015.00216/full.

39. Mori I. Transolfactory neuroinvasion by viruses threatens the hu-
man brain. Acta virol, 2015;59(4):338-349.

40. Warnke C, Ramanujam R, Plavina T, et al. Changes to anti-JCV
antibody levels in a Swedish national MS cohort. J Neurol Neurosurg
Psychiatry, 2013;84(11):1199-1205.

41. Trbojevic M. Detection of oligoclonal Ig bands: clinical signifi-
cance and trends in methodological improvement. eJIFCC, 2004;15
[cit. 2017-08-11]. Dostupné na www: http://www.ifcc.org/ejifcc/vol-
15n03/150309200413.ntm.

42. Khanna N, Wolbers M, Mueller NJ, et al. JC virus-specific immune
responses in human immunodeficiency virus type 1 patients with pro-
gressive multifocal leukoencephalopathy. J Virol, 2009;83(9):4404-
441

43, Monaco MCG, Major EO. Immune system involvement in the
pathogenesis of JC virus induced PML: what is learned from studies
of patients with underlying diseases and therapies as risk factor. Front
Immunol, 2015;6:159 [cit. 2017-08-11]. Dostupné na www: http://doi.
0rg/10.3389/fimmu.2015.00159.

44. Du Pasquier RA, Clark KW, Smith PS, et al. JCV-specific cellular
immune response correlates with a favorable clinical outcome in HIV-
infected individuals with progressive multifocal leukoencephalopathy.
J Neurovirol, 2001,7(4):318-322.

45. Seng R, Goujard C, Krastinova E, et al. Influence of lifelong cumu-
lative HIV viremia on long-term recovery of CD4+ count and CD4+/
CD8+ ratio among patients on combination antiretroviral therapy.
AIDS, 2015;29(5):595-607.

46. Sokol J, Lisa L, Zelendkova J, et al. Rituximab - associated progres-

EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE 2019, 68, ¢.1

sive multifocal leukoencephalopathy. Vnitf Lék, 2017;63(1):60-64.

47. Lima MA, Berna-Cano F, Clifford DB, et al. Clinical outcome of
long/term survivors of progressive multifocal leukoencephalopathy. J
Neurol Neurosurg Psychiatry, 2010;81(11):1288-1291.

48. Cerny R, Machala L. Neurologické komplikace HIV/AIDS. Praha:
Karolinum; 2007.

49. Jelcic I, Combaluzier B, Jelcic I, et al. Prevention and therapy of
JC polyomavirus-mediated progressive multifocal leukoencepha-
lopathy - a realistic possibility? Swiss Med Wkly, 2017;147:w14520
[cit. 2017-05-09]. Dostupné na www: http://www.zora.uzh.ch/id/
eprint/142365/1/Jelcic_et_al.pdf.

50. Aly L, Yousef S, Schippling S, et al. Central role of JC virus-specific
CD4+ lymphocytes in progressive multi-focal leukoencephalopathy-
immune reconstitution inflammatory syndrome. Brain, 2011;134:2687-
2702.

51. Berger JR, Aksamit AJ, Clifford DB, et al. PML diagnostic criteria -
consensus statement from the AAN Neuroinfectious Disease Section.
Neurol, 2013;80(15):1430-1438.

52. Polsky B, Suh JS. Viral Infections. In Kuritzke DR, Eron JJ, Squires
KE. InPractice HIV [on line]. Jointly Provided by USF Health and Clinical
Care Opinions, LLC. 2014 [cit. 2017-11-09]. Dostupné na www: http://
www.inpractice.com/Textbooks/HIV/Management_of Specific_
Disease_States/ch29_ptl_Viral/Chapter-Pages/Page-5.aspx.

53. Berger JR. The clinical features of PML. Cleve Clin J Med,
2011;78(S2):8-12.

54.Boster A, Hreha S, Berger JR, et al. Progressive multifocal leukoen-
cephalopathy and relapsing - remitting multiple sclerosis; a compara-
tive study. Arch Neurol, 2009;66(5):593-599.

55. Coyle P, Foley J, Fox E, et al. Best practice recommendations for
the selection and management of patients with multiple sclerosis re-
ceiving natalizumab therapy. Mult Scler, 2009;15:26-36 [cit. 2017-10-
10].

56. Lima MA, Drislane FW, Koralnik IJ. Seizures and their outcome in
progressive multifocal leukoencephalopathy. Neurol, 2006;66(2):262-
264,

57. O"Connor PW. Natalizumab risk stratification: role of two - step
anti JCV antibody assay. Can J Neurol Sci, 2012;39(5):670-675.

58. Anzai Y. Infectious and demyelinating disease. Progressive mul-
tifocal leukoencephalopathy. In: Osborn AG, Salzman KL, Barkovich
AJ. Diagnostic imaging brain. 2nd ed. Amirsys: Altona. 2010. p. 92-93.
59. Metz I, Radue EW, Oterino A, et al. Pathology of immune recon-
stitution inflammatory syndrome in multiple sclerosis with natalizu-
mab-associated progressive multifocal leukoencephalopathy. Acta
Neuropathol, 2012;123(2):235-245.

60. Reuwer AQ, Heron M, van der Dussen D, et al. The clinical utili-
ty of JC virus antibody index measurements in the context of pro-
gressive multifocal leukoencephalopathy. Acta Neurol Scand, 2017,
136(S 201):37-44.

61. Salmen A, von Ahsen N, Trampe AK, et al. Longitudinal ana-
lyses of anti-JCV antibody index for risk assessment of progre-
ssive multifocal leukoencephalopathy. Mult Scler J Exp Transl
Clin,2016;2:2055217316630008 [cit. 2017-10-10]. Dostupné na www:
https://www.ncbi.nim.nih.gov/pmc/articles/PMC5433507/.

62. Guidelines for Prevention and Treatment of Opportunistic
Infections in HIV-Infected Adults and Adolescents. October 28, 2014
[on line]. Recommendations from the Centers for Disease Control and
Prevention, the National Institutes of Health, and the HIV medicine
Association of the Infectious Diseases Society of America [cit.2017-06-
02]. Dostupné na www: https://aidsinfo.nih.gov/guidelines/html/4/
adult-and-adolescent-oi-prevention-and-treatment-guidelines/.

63. Polak P. Editoria on Sokol J, Lisd L, Zelendkova J, et al. Rituximab
- associated progressive multifocal leukoencephalopathy. Vnitf Lék,
2017,63(1):22-23.

64. Tan IL, McArthur JC, Clifford DB, et al. Immune reconstitution



inflammatory syndrome in natalizumab-associated PML. Neurol,
201;77(11):1061-1067.

65. Antoniol C, Jilek S, Schluep M, et al. Impairment of JCV-specific
T-cell response by corticotherapy: effect on PML-IRIS management?
Neurology, 2012;79(23):2258-2264.

66. Scarpazza C, Prosperini L, Mancinelli CR, et al. Is maraviroc use-
ful in multiple sclerosis patients with natalizumab-related progressive
multifocal leukoencephalopathy? J Neurol Sci, 2017; 378:233-237.

67. Himedan M, Camelo-Piragua S, Mills EA, et al. Pathologic findings
of chronic PML-IRIS in a patient with prolonged PML survival follow-
ing natalizumab treatment. J Investig Med High Impact Case Rep,
2017;5:2324709617734248 [cit. 2017-09-08]. Dostupné na www:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5624358/.

68. Elphick GF, Querbes W, Jordan JA, et al. The human poly-
omavirus, JCV, uses serotonin receptors to infect cells. Science,
2004;306(5700):1380-1383.

69. Trentalange A, Calcagno A, Ghisetti V, et al. Clearance of cere-
brospinal fluid JCV DNA with mirtazapine in a patient with pro-
gressive multifocal leukoencephalopathy and sarcoidosis. Antivir
Ther, 2016;21(7):633-635.

70. Cettomai D, McArthur JC. Mirtazapine use in human immunode-
ficiency virus-infected patients with progressive multifocal leukoen-
cephalopathy. Arch Neurol, 2009;66(2):255-258.

71. Brickelmaier M, Lugovskoy A, Kartikeyan R, et al. Identification
and characterization of mefloquine efficacy against JC virus in vitro.
Antimicrob Agents Chemother, 2009;53(5):1840-1849.

72. Nukuzuma S, Kameoka M, Sugiura S, et al. Suppressive ef-
fect of PARP-1 inhibitor on JC virus replication in vitro. J Med Virol,
2013;85(1):132-137.

73. Kock K, Grube M, Jedlitschky G, et al. Expression of adenosine
triphosphate-binding cassette (ABC) drug transporters in peripheral
blood cells. Clin Pharmacokinet, 2007;46(6):449-470.

74. Barraud de Lagerie S, Comets E, Gautrand C, et al. Cerebral uptake
of mefloquine enantiomers with and without the P-gp inhibitor elacri-
dar (GF1210918) in mice. Br J Pharmacol, 2004;141(7):1214-1222.

SOUHRNNE SDELENiI

75. Senarathna SM, Page-Sharp M, Crowe A. The interactions of
P-glycoproteine with antimalarial drugs, including substrate affinity,
inhibition and regulation. PloS One, 2016;11(4): e0152677 [cit. 2017-10-
10]. Dostupné na www: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4821601/.

76. Oga EF, Sekine S, Shitara Y, et al. Potential P-glycoprotein-
mediated drug-drug interactions of antimalarial agents in caco-2 cells.
Am J Trop Med Hyg, 2012;87(1):64-69.

77. Gofton TE, Al-Khotani A, O Farrell B, et al. Mefloquine in the
treatment of progressive multifocal leukoencephalopathy. J Neurol
Neurosurg Psychiatry, 2011;82(4):452-455.

78. Moenster RP, Jett RA. Mirtazapine and mefloquine therapy for
progressive multifocal leukoencephalopathy in a patient infected
with human immunodeficiency virus. Am J Health Syst Pharm,
2012;69(6):496-498.

79. Clifford DB, Nath A, Cinque P, et al. A sudy of mefloquine treatment
for progressive multifocal leukoencephalopathy: results and explora-
tion of predictors of PML outcomes. J Neurovirol, 2013;19(4):351-358.

80. Khatri BO, Man S, Giovannoni G, et al. Effect of plasma exchange in
accelerating natalizumab clearance and restoring leukocyte function.
Neurol, 2009;72(5):402-409.

Do redakce doslo dne19. 3. 2018.

Adresa pro korespondenci:

MUDr. Svatava Snopkova, Ph.D.

KICH FN Brno a LF MU

Jihlavska 340/20

625 00 Brno-Bohunice

e-mail: Snopkova.svatava@fnbrno.cz

2019,68,¢1  EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE

3]



ALLOLL LI piaigy

TOMASKOVY { | DNY

XXVIIIl. Tomaskovy dny
mladgch mikrobiologi

Vazene kolegyne a kolegove,

radi bychom Vas pozvali na konferenci Tomaskovy dny mlad{ch mikrobiologl, kterou od
roku 1992 kazdorocne organizuje Mikrobiologicky Ustav Lekarske fakulty Masarykovy uni-
verzity a Fakultni nemocnice u svaté Anny v Brné ve spolupraci s Ceskoslovenskou spo-
lecnosti mikrobiologickou. Dalsimi oficialnimi spoluporadateli konference jsou Spolecnost
oro epidermiologii a mikrobiologii Ceské |Ekarské spolecnosti |. E. Purkyné a Spolecnost
oro (ékarskou mikrobiologii CLS J. E. Purkyné.

Konference je urcena predevsim pro zacingjic autory, kteri zde maji moznost pred-
nest sve prispevky na temata mikrobiologie v klinickgch a epidemiologickych souvislos-
tech, novinky z vedeckeho vzkumu nebo na téma narlstajiciho fenoménu bakterialni
rezistence.

Letosni rocnik probbehne v terminu 6. - 7. cervna 2019 v Kongresovem centru Masary-
kowy univerzity, Komenskeho namesti 2, Brno.

Veskere informace o XXVIIl. Tomaskovgch dnech mladgch mikrobiologd naleznete
take na internetovych strankach www.medmuni.cz,/tomdny.

Tesime se s Vami na videnou!

Odborn{ garant: Hlavni organizator:
doc. MUDr. Filip Rbzicka, PhD. Mar. Lukas Vacek
Mikrobiologicky Ustav LF MU tormdny@medmunicz

aFNusv.Anny v Brne tel: 543 183 097,543 183 166
Pekarska 53 C/-65691 Brno Mikrobiologicky Ustav LF MU
aFNusv. Anny v Brne

Pekarska 53 C/Z-65691 Brno

32 EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE 2019, 68, ¢. 1



SOUHRNNE SDELENiI

Botulismus - vzacné, ale stale se vyskytujici
zivot ohrozujici onemocnéni

Klinika infekénich nemoci 2. LF UK a Nemocnice Na Bulovce, Praha

SOUHRN

Botulismus zplsobeny toxiny Clostridium botulinum a dalsich
neurotoxickych klostridii patfi ke vzacnym, ale Zivot ohrozujicim
onemocnénim s neurologickymi pfiznaky. Celosvetove je nejcastéj-
Sim typem botulismus z potravin (alimentdrni intoxikace), vzacnéji
se vyskytuje rany ¢i kojenecky botulismus a nékdy i botulismus
nejasné etiologie. V Ceské republice se jednd o raritni onemocnén,
od roku 2008 do soucasnosti bylo u nas hlaseno jen 9 pripadd
(EPIDAT). Jednalo se vétsinou o sporadické pfipady potravinového
botulismu, s vyjimkou malé rodinné epidemie se tremi pripady

ABSTRACT

Ambrozova H.: Botulism - a rare but still present,
life-threatening disease

Botulism caused by toxins of Clostridium botulinum and other
neurotoxic clostridia is a rare but life-threatening disease with
neurological symptoms. Food-borne botulism (food poisoning)
is the most common type worldwide; rarely, wound botulism,
infant botulism, or botulism of unknown etiology may also
occur. Botulism is a very rare disease in the Czech Republic as
well, with only nine cases reported since 2008 (EPIDAT). These

uvob

Botulismus patfi ke vzicnym, ale stdle se vyskytujicim,
Zivot ohrozujicim alimentarnim intoxikacim vyvolanych
botulotoxiny neurotoxigennich Kklostridii, v jejichz
klinickém obraze dominuji neurologické ptiznaky.
Vedle nejcastéjsiho botulismu po poZiti potravin se
vyskytuji i méné casté formy, a to ranny a kojenecky
botulismus, ale byly popsany i ptipady botulismu s ne
zcela nejasnou etiologii. Terapeuticky se botulotoxin
pouziva v neurologii v terapii nékterych spastickych
stavll a v korektivni dermatologii k vyhlazovani vrasek.
Pfi jeho nespravném uziti mtzZe dojit i k iatrogennimu
botulismu a velmi obavané je i jeho mozné zneuziti
k bioterorismu cestou kontaminovanych potravin ¢i
aerosolu (inhalac¢ni botulismus) [1].

HISTORIE

Botulismus je onemocnéni znamé v Evropé jiz od pocatku
19. stoleti, kdy se zacaly objevovat epidemie otrav z jidla,
predevsim klobas. Pravé z latinského botulus = kloba-
sa pochdzi jeho nazev. V roce 1820 némecky hygienik

vzniklé po poziti doma pripravené veprové pastiky (2013). Tato
epidemie pomohla ke vzniku Pohotovostni zasoby zivot zachra-
Aujicich antiinfektiv pro celou Ceskou republiku v Praze. Clanek se
zabyva etiologii, epidemiologii, klinickym obrazem, diagnostikou
a lécbou botulismu.

KLICOVA SLOVA
botulismus - Clostridium botulinum - epidemiologie - klinicky
obraz - diagnostika - Iécba

were mostly sporadic cases of food-borne botulism except a
small family outbreak with three cases due to the consumption
of homemade pork pate (2013). This outbreak prompted the
creation of a national standby supply of life-saving anti-infective
drugs in Prague. This article reviews the etiology, epidemiology,
clinical manifestations, diagnosis, and therapy of botulism.

KEYWORDS
botulism - Clostridium botulinum - epidemiology - clinical
picture - diagnosis - treatment
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Justinus Kerner jako prvni objevil vztah mezi klobdsami
a paralytickym onemocnénim u 230 pacienti, ve stejné
dobé se v Rusku vyskytlo podobné onemocnéni po poziti
ryb [2]. Clostridium botulinum bylo popsano poprvé v roce 1897
van Ermengenem, ktery zjistil i produkci toxinu a jeho
souvislost s neurologickymi pfiznaky u zvifat. Jednalo
se o toxin A, ktery vSak byl izolovan a purifikovan az
v roce 1946, zatimco toxin B byl objeven jiz v r. 1904 [2].
Dalsi typy botulismu byly popsany pozdéji, a to ranny
botulismus v roce 1943, kojenecky v roce 1976 a v roce 1986
byly hlaSeny i sporadické pripady botulismu souvisejici
zfejmé s gastrointestinalni kolonizaci [2].

ETIOLOGIE

Plivodci botulismu jsou sporulujici anaerobni grampo-
zitivni neurotoxigenni Kklostridia, nejcastéji Clostridium
botulinum, vzacné pak Clostridium butyricum a Clostridium baratii
(3, 4, 5, 6]. Klostridia produkuji botulinické neurotoxiny
(BONT), kterych je zatim znamo 8 (A-H) a které patii
k nejuc¢innéjsim pfirodnim jed@im. Lidska onemocné-
ni vyvolavaji typy A, B, E a velmi vzacné i F [3, 5] a H,
ktery byl objeven teprve v roce 2014 [7]. Neurotoxiny C
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a D plisobi zdvazna, mnohdy epidemicka onemocnéni
teplokrevnych Zivocichli, zejména dribezZe, vodnich
ptaki, ale i hovéziho dobytka, koni a koZe$inovych zvi-
fat [8, 9]. Spory jsou termostabilni, zatimco toxiny jsou
termolabilni.

EPIDEMIOLOGIE A VYSKYT

Klostridia jsou béznymi komenzaly gastrointestinalniho
traktu zvitat, s jejichZ vykaly se dostavaji do zevniho
prostfedi. Zdrojem onemocnéni u botulismu z potravin
jsou klasicky hlavné doma ptripravené masové konzervy,
pastiky, klobasy, ve kterych je jiZ pfitomen klostridiem
vyprodukovany toxin. Zdrojem vSak mohou byt i zelenina
ovoce a ryby. Popsana byla onemocnéni po poziti doma
pripravené pastiky [10], klobas [11], tofu [12], barbecue
[13], castym zdrojem byla i doma ptfipravena zelenina -
chtest, artycCoky, fazole ¢i zeleninové polévky [14, 15, 16].
Ve Francii se rozvinul botulismus po poziti Sunky [17],
v USA byly opakované zaznamenany epidemie botulismu
u véznl po poziti domacky pripraveného alkoholického
napoje z brambor [18]. Rizikové jsou také nékteré méné
obvyklé kuchyriské ipravy potravin, jako je napt. kva-
Seni, které je oblibené v mnoha zemich, napt. v Ciné
(fazole) ¢i na Aljasce (ryby). V Kanadé u Eskymdakd byla
popsana fada epidemii po poziti takto pripravenych ryb
a moiskych savci [19, 20] ¢i ptakd [21]. Nartista také
vyznam komercné vyrabénych potravin, zejména vakuo-
vé balenych s prodlouzenou trvanlivosti, které se pred
konzumaci jiz tepelné neupravuji, k otravam dochazi i po
pozitijidla v restauracich. Pfikladem miiZe byt epidemie
po konzumaci vakuové balené fazolové polévky s nudlemi
v Japonsku [22] ¢i botulotoxin prokdzany v jahodovém
kompotu z Némecka [23], jindy byla zdrojem komerc¢né
vyrabéna chilli omacka [24]. Potravinovy botulismus je
vyvolan nejcastéji toxinem A, méné ¢asto B ¢i F, u pokr-
mu z ryb pak dominuje typ E [19], ktery byl v poslednich
dvou letech ptivodcem epidemického vyskytu botulismu
po konzumaci ryb v Némecku, Spanélsku a na Ukrajiné
[25, 26]. Na rozdil od ranného a kojeneckého botulismu
se botulismus z potravin vyskytuje nejen sporadicky, ale
i v epidemiich, inkubacni doba je obvykle 6-72 hodin.
Botulismus z potravin je v Evropé nejcastéjsim typem
botulismu, zatimco v USA je Castéjsi botulismus koje-
necky. V USA bylo v letech 1993-2008 hlaseno celkem
416 ptipadd botulismu z potravin, epidemii bylo 58 [27].
Ranny botulismus je vzacnéjsi nez botulismus z potra-
vin a vznika po kontaminaci rany sporami Kklostridii,
které k1i¢i, pfeménuji se na vegetativni formu a pro-
dukuji toxin, coz je spojeno s delsi inkubac¢ni dobou
(4-14 dni). MlZe se jednat o infekci ran pfi traumatech,
napt. u otevienych zlomenin [28], infikovany mohou
byt i opera¢ni rany ve $patnych hygienickych podmin-
kach. Popsany byly i sinusitidy vzniklé po intranazalni
aplikaci kontaminovaného kokainu s nasledné vzniklym
botulismem. Vlbec nejvétsi narlist zaznamenal ranny
botulismus v souvislosti s roz§ifenim heroinu (black - tar
heroin) z Mexika do USA od 80. let 20. stoleti [29]. Prvni
pripady se vzapadnich statech USA objevily v 90. letech,
a to nejvice v Kalifornii, kde byla hlaSena fada pfipadi
u narkomant uzivajicich subkutanné ¢i intramusku-
1arné heroin. V letech 1991-2005 byl v Kalifornii potvr-
zen ranny botulismus u 29 uzivateld drog [29], v letech
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1993-2006 se u 17 narkomand vyskytl ranny botulismus
dokonce opakované (14krat jedna rekurence, 3krat dveé re-
kurence) [28, 30]. Vzestup pfipaddl u narkomant se v USA
odrazil i v celkovych ¢islech - zatimco v letech 1943-1985
bylo hlaseno CDC ve Spojenych statech jen 33 pripadi
ranného botulismu [31], v letech 1990-2002 to bylo jiz
217 ptipadi, z toho 210 u uZivateldl drog [31]. V Evropé
je nejvyssi vyskyt v Némecku, kde byla na podzim 2005
béhem 3 mésicl zaznamenana epidemie u 16 narkomant
uzivajicich heroin [32, 33, 34], dalsi pfipady byly hldseny
z Anglie [35], Svédska [36], Italie [37], Norska, aleijinych
zemi [38]. Ranny botulismus byl popsan i u narkoman-
ky po intravenézni aplikaci drog v souvislosti s infekci
hlubokych mékkych tkani krku [39]. Ranny botulismus
vyvolavaji toxiny A, B a vzacné E [34].

Kojenecky botulismus vznika u kojenct do 1 roku
Zivota po kolonizaci gastrointestinalniho traktu spo-
rami Clostridium botulinum a vzacné i Clostridium butyricum
a Clostridium baratii s toxiny A, BaF[2, 5, 6]. Novy toxin H
byl popsan rovnéz u kojeneckého botulismu [7]. Nezralé
stfevo je nejprve kolonizovano sporami, které se méni ve
vegetativni formu a produkuji toxin, ktery je ze stfeva
absorbovan a vede ke vzniku onemocnéni. Odhaduje
se, Ze ke vzniku onemocnéni staci méné nez 10-100 spér
[40]. Jako zdroj se tradi¢né udava med, ktery muze byt
kontaminovan celosvétové v 6-10 %, a proto by détem do
1 roku nemél byt podavan [40, 41, 42]. V posledni dobé
se vSak ukazuje, Ze neurotoxigenni klostridia ohrozujici
kojence mohou byt nejen vmedu, aleijinde v prostfedi.
Pfi patrani po zdroji onemocnéni v rodinadch nemocnych
kojenct byly spory klostridii nalezeny napi. vdomacim
prachu [43, 44], ptadé, studni¢ni vodé pouzivané pro
pripravu kojenecké stravy [45], ale také ve vodeé v tera-
riu se Zelvami [6]. Ukazuje se, Ze doma chovani plazi
nejsou idedlnimi domacimi mazli¢ky pro déti do 5 let
a pfi manipulaci s nimi je nutna dostatecna hygiena.
Kojenecky botulismus se vyskytuje i u velmi malych
kojenct, starych jen nékolik dni; vétSina pripadd pak
vznika do 6 mésici Zivota. Kojenecky botulismus je
v Evropé relativné vzacnym, ale zfejmé nedostatecné
diagnostikovanym onemocnénim [40]. Od roku 1976 do
roku 2006 bylo potvrzeno 65 piipada ve 13 evropskych
zemich, nejvice ve Spanélsku, Italii a Velké Britanii [46].
Od roku 2006 do roku 2012 pak dalSich 54 pripada [46].
Vyskyt v nékterych zemich a oblastech byl vyssi, napt.
v Andalusii bylo od roku 1997 potvrzeno 11 pfipadi, zatim-
cov celém Spanélsku jen 14 [46]. Ojedinélé ptipady koje-
neckého botulismu byly popsany i ve Slovinsku, Finsku,
Irsku a dalsich zemich [6, 40, 43]. Nejvyssi pocet pfipadi
kojeneckého botulismu s pramérné 80-110 pfipady ro¢né
jehlasen z USA, kde kojenecky botulismus patii k nejcas-
t&j$im formam, pficemz 90 % piipadi je u déti mladsich
nez 6 meésict [47]. V letech 1992-2006 bylo hlaseno v USA
2419 pripadi kojeneckého botulismu [2, 48]. Po prodélani
kojeneckého botulismu se klostridia mohou vylucovat
stolici tydny az mésice a mohou pfedstavovat riziko pro
rodinné ptislusniky [41]; u tfimési¢niho finského dité-
te s kojeneckym botulismem bylo popsano vylucovani
Clostridium botulinum stolici trvajici jesté sedm mésicti po
propusténi z nemocnice a normalizaci klinického stavu
[43]. I u botulismu z nejasného zdroje u dospélych se
predpoklada podobna patogeneze, tj. jeho vznik po po-
ziti spor klostridii s kolonizaci stfeva, jejich vykliceni ve
stfevé s naslednou produkci toxinu. Predisponujicim fak-
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Graf 1. Viyskyt botulismu v Ceské republice v letech 2008-2017
Figure 1. Cases of botulism in the Czech Republic in 2008-2017

torem kolonizace gastrointestindlniho traktu klostridii
u dospélych mtize byt achlorhydrie a antibioticka terapie.
Konecné u inhala¢niho botulismu toxin prestupuje skrze
plicni alveolarni epitel do krevniho obéhu. Klinické ma-
nifestace zaleZi spiSe na typu produkovaného toxinu nez
na misté jeho produkce. Toxin typu A je nejuc¢innéjsim
pfirodnim toxinem.

BOTULISMUS V CESKE REPUBLICE

Botulismus patfi dlouhodobé v Ceské republice (CR)
k velmi vzicnym onemocnénim. Sramkovd a Vanista
uvadéji ve své praci z roku 1967, Ze v letech 1947-1967 bylo
v CR hlaSeno jen 25 pfipadil botulismu, z nichZ vét§ina
byla diagnostikovana pouze na zakladé klinického obrazu
[49]. Prikaz toxinu byl tehdy provadén jen vyjimecné
a vSechny laboratorné prokazané ptipady byly vyvolany
toxinem typu B. V letech 1960-2013 bylo u nds podle epide-
miologickych hlaseni zasilanych do Statniho zdravotniho
tstavu hlaseno celkem 119 pfipadd botulismu, z toho
nejvice vletech 1966, 1998 22002, a to po 11, 6, respektive
8 pfipadech [50-53]. Nejvyssi vyskyt byl ve StfedoCeském,
Severomoravském a Jihomoravském kraji, castéji byli
postizeni muzi, ptipady byly sporadické, ale i v malych
epidemiich. AZ na 2 ptipady kojeneckého botulismu se
vzdy jednalo o botulismus alimentarni vyvolany nejcas-
téji botulotoxinem typu B, ale vzacné i typem E a F [54].
Zdrojem onemocnéni byly vét§inou masové a zelenino-
vé konzervy domaci vyroby (tlacenka, vepfové maso,
klobasa z divocaka, uzené maso, huspenina, pastika,
konzervovany salam, zavinace a nalozZeni sledi), ale
nékdy i konzervy priamyslové vyrabéné (leCo s morav-
skou klobdsou, zavinace z konzervy, pastika a jahodovy
kompot z Némecka, po jehoZ poZiti onemocnély tfi Zeny
z jedné rodiny na Dobfisi v roce 1998 [23]. V roce 1980 byl
botulotoxin typu E pfi¢inou onemocnéni studenta nikoli
po poziti ryb, jak je obvyklé, ale zfejmé po poZiti doma
pripravené tlacenky [54]. O 10 let pozdéji pak vznikla mala
epidemie na okrese Liberec, vyvolana botulotoxinem
typu F v nevhodné pripravenych sledich, pfi které byla
zaznamenana i prvniu nas oficidlné potvrzena amrti - ze
tfi muzi dva zemfteli [53]. Dalsi tmrti nasledovalo v roce
1993, kdy na severni Moravé zemiel muZ po poziti zavina-
¢l. Kojenecky botulismus se u nas vyskytl jen dvakrat,
a to v letech 1979 a 1989 ve Vychodoceském kraji. V obou
ptipadech bylo ve stolici prokazano Clostridium botulinum
produkujici toxin typu B. U prvniho ditéte se pfiznaky
onemocnéni objevily jiZ ve véku 24 dnt. V klinickém

pod obrazem syndromu nahlého

amrti kojence. Jako pfedpoklada-

né vehikulum nakazy byl uvadén

dudlik namaceny do medu, ale
vzorky medu byly negativni. V poslednich deseti letech
pocet onemocnéni botulismem jesté poklesl. Od roku
2008 do soucasnosti bylo hldSeno v Ceské republice jen
9 pfipadd s primérnym ro¢nim vyskytem 0-1 piipad
(graf1). Vyjimkou byl rok 2013 se ¢tyfmi ptipady, kdy se
vyskytla u tfi ¢lent jedné rodiny mala rodinna epidemie
alimentarniho botulismu po poziti doma ptipravené
pastiky z vepfového masa a jater. Byli hospitalizovani
na Infekéni klinice Nemocnice na Bulovce a kazuistiku
tohoto pifipadu jsme publikovali v roce 2014 [56]. Zatim
naposled jsme se s botulismem setkali v bfeznu 2015,
kdy byla na nasi klinice hospitalizovana mlada Zena
s typickymi neurologickymi ptiznaky svédcicimi pro
botulismus [57]. Pfed pfijetim k nam byla ambulantné
vySetfovana a nasledné i hospitalizovana ve dvou jinych
zdravotnickych zatizenich, kde byla provedena fada
vySetfeni vcetné lumbalni punkce, CT a magnetické
rezonance mozku, ale spravna diagnéza byla stanovena
az za tyden od pocatku priznakii. Pfesny zdroj onemoc-
néni se nepodaftilo urcit, vivahu prichazela konzumace
sushi pfi cesté vlakem, vakuovanych parka ¢i vakuované
nakladané zeleniny zakoupené v obchodnim fetézci.
Z4adny z nasich pacientfi nemél respira¢ni insuficienci
a onemocnéni skoncilo u vSech ¢tyt postupnou tzdravou.
ObtiZe spojené se zajisténim antitoxinu pro vice pacientti
najednou vedly k vytvoreni celostatni Pohotovostni zaso-
by Zivot zachrafiujicich antiinfektiv pro Ceskou republiku
pti Toxikologickém stfedisku v Praze, kde je v ptipadé
potfeby dostupné sérum pro nékolik pacientt.

PATOGENEZE

U botulismu z potravin je preformovany toxin ptitomen
primo v potraviné, po jejimz poZiti je absorbovan primar-
né v duodenu a jejunu a hematogenni cestou se dostava
k perifernim cholinergnim synapsim [2]. Toxin zabra-
nuje uvolnéni acetylcholinu a tim pfenosu vzruchu na
nervosvalové ploténce. Kazdy toxin ma specifické misto
aktivity; toxiny B, D, F a G $tépi synaptobrevin, toxiny
A a E plisobi na protein SNAP - 25, toxin C1 pak plisobi na
syntaxin [2]. Vysledkem je postizeni motorického systému
ve formé chabych paréz s kraniokaudalnim postupem.
U kojeneckého botulismu a botulismu dospélych neznamé
etiologie je nutné poziti spér a teprve nasledna produk-
ce toxinu ve stfevé, u ranného botulismu pak v rane,
s ¢imz souvisi delsi inkubac¢ni doba, jak bylo vySe uvedeno.
Minimalni infekéni davka je odhadovana na 10-100 spor
[40]. P1ivcasné terapii je botulismus reverzibilni onemoc-
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néni; poc¢atecni obnova funkce u typu A zahrnuje kliceni
presynaptickych axont a naslednou tvorbu nové synapse,
pozdéji se obnovi i funkce pivodnich synapsi [2].

KLINICKY OBRAZ

Prestoze se jedna obvykle o alimentarni intoxikaci, gastro-
intestinalni pfiznaky nejsou pro botulismus typické. Nékdy
se miiZe objevit nauzea, zvraceni, kfece v bfise ¢i prijjem,
ktery je ale mnohem méné ¢asty nez zacpa a je obvykle zpti-
soben jinym vyvolavajicim agens [2]. V klinickém obraze
dominuji neurologické pfiznaky, prubéh je afebrilni. Jedna
se o symetrické chabé parézy, které postihuji nejprve hlavo-
vé nervy a postupuji kaudalné. Prvnimi priznaky, na které
si pacient obvykle stézuje, je sucho v tistech a rozmazané ¢i
dvojité vidéni, nasleduje dysfagie, dysartrie, slabost hor-
nich idolnich koncetin, ¢asta je obstipace, ptipadné rozvoj
je postiZzeni interkostalnich nervii, které muiZe vést az
krespira¢ni insuficienci s nutnosti umeélé plicni ventilace,
pripadné amrti [21]. Pfi neurologickém vySetfeni mize-
me najit ptézu vicek, mydridzu, strabismus, nystagmus,
pacient ma potiZe s polykanim, feci, vyprazdniovanim,
Slachové reflexy jsou slabé ¢i vymizelé. Pfiznaky se mohou
lisit podle typu toxinu, vysSe uvedené typické priznaky jsou
spojeny hlavné s typem A, zatimco typy B a E piisobi spise
autonomni dysfunkci, jejimz projevem muze byt napi.
retence moci, hypotermie, zmény klidové tepové frekvence
aj. [2]. U dét s kojeneckym botulismem dominuji hlavné
poruchy piijmu potravy spojené se ztizenym sanim a po-
lykanim, déti zvysSené slini a jsou vyrazné hypotonické [6,
46]. Kojenci neudrzi hlavu, slabé placou, maji mydridzu,
obstipaci a neurogenni dysfunkci mocového méchyfte,
mohou byt i letargicti [6, 46]. Vzacna neni ani respiracni
insuficience s nutnosti umélé plicni ventilace [3, 47]; k re-
spira¢ni insuficienci dochazi az v 50 % pripadu [2]. U déti je
Castonutnéikrmeni sondou [47]. Kojenecky botulismus je
v Evropé zfejmeé podhlasen, mnohdy se na néj nemysli; leh-
¢i ptipady mohou uniknout pozornosti, tézké mohou koncit
jako syndrom nahlého imrti kojence. Ranny botulismus
nema zadné gastrointestinalni pfiznaky, ale pti lokalnim
zanétu v rané vyvolaném bakteridlni superinfekci mtze
dojit ke zvySeni teploty ¢i k horecce. Inhala¢ni botulismus
se projevuje podobné jako botulismus z potravin, popsano
bylo i nékolik pfipadii botulismu po nespravném pouZiti
botulotoxinu z kosmetickych diivodi [58].

DIAGNOSTIKA

Diagnostika je zaloZena na pritkazu specifickych proti-
latek proti botulinickému neurotoxinu (BoNT) metodou
ELISA a na pfimém priikazu botulinickych neurotoxint
BoNT pomoci PCR (detekce gentl exprimujicich BoNT).
Nejnovéjsi metodou prikazu botulinickych neurotoxi-
nl BoNT je metoda SIMOA - Single Molecules (Protein)
Assay detekujici imunokomplexy bilkovinnych botulo-
toxinti BoNT a jejich specifickych protilatek. K vySetfeni
je tfeba odeslat 10 ml srazlivé krve v chladicim boxu,
pfipadné vzorky podezfelych potravin. Toxin mizZe byt
nalezen i ve stolici ¢ v Zaludeénim obsahu [2]. V Ceské
republice provadi vySetfeni Laboratof pro anaerobni
nakazy Statniho zdravotniho dstavu v Ostravé, botu-
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lotoxiny u zvifat vySetfuji i Statni veterinarni ustavy.
Kultivace Kklostridii ze séra, stolice a vzorki z prostre-
di vyZaduje striktni anaerobni podminky, provadi se
v anaerobnich boxech a anaerostatech a je dnes stan-
dardni metodou prikazu klostridii v klinickych mate-
ridlech. K diagnostice svalového postizeni lze vyuzit
elektromyografii.

DIFERENCIALNI DIAGNOSTIKA

Botulismus je velmi vzacné onemocnéni, a protoze vétSina
1ékaid se s nim nikdy nesetkala, obvykle se na néj nemy-
sli a stanoveni diagnézy mtize nékdy trvat delsi dobu [54].
Botulismus ma specificky klinicky obraz - typicky je afe-
brilni pribéh bez poruchy védomi s chabymi symetrickymi
parézami postupujicimi kraniokaudalné. V diferencialni
diagnostice by mohla byt brana v ivahu néktera neurologic-
k4 onemocnéni, ktera v§ak maji s botulismem shodné jen
nékteré priznaky, zatimco jiné naopak postradaji, a obvykle
se vyvijeji déle a nemaji fulminantni pribéh [2]. Jedna se
napt. omyasthenia gravis a dal§i myasthenické syndromy,
napt. Lambertv-Eatoniiv myasthenicky syndrom [2, 59].
Pro syndrom Guillainfiv-Barrého jsou typické poruchy Citi,
rychlejsi areflexie a postizeny jsou predevsim dolni konceti-
ny. Poliomyelitida ma typické horecky a parézy jsou asyme-
trické. Botulismu se m@Ze podobat i intoxikace magnesiem,
otrava organofosfaty, difterie ¢i cévni mozkova piihoda.

TERAPIE

Rozhodujicim 1écebnym opatfenim je podani antitoxi-
nl (botulinum antitoxin). BéZné se pouziva trivalent-
ni konské sérum Botulism-antitoxin Behring, které
se podava v zakladni davce 2 x 250 ml intravenézné,
v ptipadé potfeby je mozné davku opakovat. Podani je
vhodné za monitorovani pacienta nejlépe na JIP vzhle-
dem k mozné alergické reakci. Od roku 2010 se ve svété
pouziva i heptavalentni varianta s antitoxiny A-G [60].
Vzhledem ke zvifecimu ptivodu neni sérum vhodné pro
kojence (riziko zavaznych alergickych reakci a senzibili-
zace ke koriskym protein@im [61]. Ve svété (napt. v USA
ivrlznych evropskych zemich) je u nich pouZzivan lidsky
antibotulinni imunoglobulin BabyBIG s obsahem sedmi
antitoxinti A-G [46]. Zatim neni k dispozici antitoxin H.
Vedle podani antitoxinu je v indikovanych pfipadech
nutndiintenzivni péce, pfipadné umeéla plicni ventilace.
Uranného botulismu je nutné také oSetfeni rany a likvi-
dace klostridii v rané krystalickym penicilinem G v denni
davce 10-20 mil. j. i. v. Vedle penicilinu je mozné pouzit
i metronidazol [2]. Podani antibiotik je doporucovano
iu kojeneckého botulismu k likvidaci klostridii ve stfevé.
Zavérem poznamka k praxi: V pfipadé potfeby Botulism -
antitoxin Behring je tfeba jeho poskytnuti pfedem do-
jednat v Toxikologickém informac¢nim centru v Praze
(ulice Na Bojisti) a zajistit si jeho dopravu na pracovisté.

PROGNOZA

Botulismus je pfi pfiznivém pribéhu reverzibilni one-
mocnéni, byt plna tiprava klinického stavu si nékdy vyza-
duje nékolik tydnt az mésicl; nejdéle pfetrvava svalova



slabost. Pfi postizeni interkostalnich svald s respiracni
insuficienci je prognoéza nejista a ¢asto jsou popisovana
umrti. Nejrizikovéjsi je botulismus zplisobeny toxiny
A a E, méné rizikovy toxinem typu B.

PREVENCE

V prevenci je nejdileZitéjsi spravné zachazeni s potravina-
uprava, protoZe botulotoxin je termolabilni a varem ¢i
ohfevem je nifen. U kojenct neni vhodné podavani me-
du. Imunita po prodélaném onemocnéni nevznika a jsou
popisovany i opakované ptipady. Podavani pentavalentni
vakciny pouzivané u laboratornich pracovnikd a vojaki
bylo pferuseno v roce 2011 pro nedostatecnou ucinnost
a Cetné lokalni reakce. Ve vyvoji jsou nové vakciny vcetné
rekombinantni toxin A/B vakciny a inhalac¢nich vakcin [2].

ZAVER

Prestoze je botulismus u nas velmi vzacnym onemocnénim,
stale se (byt ojedinéle) vyskytuje a je tfeba na néj myslet pfi
diferencialni diagnostice onemocnéni s afebrilnim pri-
béhem, symetrickymi chabymi parézami s kraniokaudal-
nim Sifenim a podeztelou epidemiologickou anamnézou.
Z nékolika moznych forem botulismu je v Ceské republice
nejcastéjsi botulismus po poziti potravin s preformovanym
toxinem; vedle tradi¢nich doma pfipravenych konzerv ¢i
klobas se v§ak v posledni dobé uplatriuji i dalsi zdroje - napt.
sushi a zejména vakuované potraviny s delsi trvanlivosti,
které se pred pouzitim jiZ tepelné nezpracovavaji. Pacient
s podezfenim na botulismus by mél byt vzdy hospitalizovan
(idedlné na infek¢énim oddéleni) aZ do potvrzeni ¢i vylouceni
diagnozy a v ptipadé prikazu botulotoxinu pak i adekvatné
léCen na jednotce intenzivni péce. Vzhledem k nebezpeci
z prodleni vSak zahajujeme 1é¢bu antitoxinem jiZ pti po-
dezfeni na botulismus z klinického obrazu a necekame na
jeho definitivni laboratorni potvrzeni.
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SOUHRN

Dekontaminace je jednim z klicovych procest snizujicich riziko
siteni vysoce rizikovych biologickych patogenl, mezi které fa-
dime i mikroorganismy ze skupiny vysoce nakazlivych nemoci.
Zatimco dekontaminace objektd a povrchd obvykle nevyzaduje
urgentni reSeni, dekontaminace personalu pouzivajiciho osobnf
ochranné prostfedky je provadéna bezprostfedné po skonceni
¢innosti v nebezpecné zéné. Uginnost tohoto procesu, pro ktery
je vyhrazeny relativné kratky casovy Usek, zavisi zejména na
mnozstvi mikroorganismu, bezprostfedni dezinfekci spojené s na-
slednym mechanickym ocisténim kontaminovaného mista, druhu
dezinfekéniho pripravku, jeho koncentraci, spektru Ucinku, délce
expozice, vnéjsich podminkach (teplota, pH, vihkost, biologicka

ABSTRACT

Rybka A., Gavel A., Prazdk P., Meloun J., Pejchal J.:
Decontamination of CBRN units contaminated by highly
contagious biological agents

A decontamination process plays a key role in management
of biological incidents. While decontamination of surfaces and
buildings located in the hot zone can be usually postponed
until an agent is confirmed and an adequate planning phase is
established, personnel wearing personal protective equipment
must be decontaminated prior to their final exit from the hot
zone. Because CBRN units require the shortest possible duration
of this procedure, many factors must be considered, including
concentration of biological agents, precleaning, disinfectant

uvobp

Mimotadné udalosti nebo epidemie spojené s vyskytem
vysoce rizikovych biologickych patogentl kladou velmi
vysoké naroky na vSechny slozky, které se podili na
jejich likvidaci. Jednim z klicovych procest snizujicich
riziko §ifeni téchto biologickych agens (B-agens) a moz-
nost nakazy osob je spravné provedeni dekontaminace
zasahujiciho personalu, ktery pouziva adekvatni osobni
ochranné prostifedky (OOP). Dekontaminace B-agens se
tyka nejen slozek integrovaného zachranného systému
(1zS), ale i personalu laboratofi a zdravotnickych zafizeni
vyhrazenych pro praci s vysoce rizikovymi B-agens. Pro
ucely tohoto textu se B-agens rozumi heterogenni skupi-
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i nebiologicka zatéz), technickych prostredcich, druhu dekonta-
minovaného povrchu (zejména porovitost) i s ohledem na mate-
ridlovou kompatibilitu a v neposledni fadé na zkusenostech osoby,
kterd dekontaminaci provadi nebo podstupuje. Experimentaini
testy za pouziti vhodného biologického simulantu jsou nezbytné
k identifikaci vlivd vyse uvedenych faktord. Po nalezeni optimal-
niho zplsobu dekontaminace by mél nasledovat prakticky vycvik
véech slozek a jeho zavedeni do vycvikového programu.

KLICOVA SLOVA
biologické agens - dekontaminace - spory - antrax - osobni
ochranné prostiedky - ohnisko nakazy - CBRN

formulae, its concentration and spectrum of efficacy, contact
time, external conditions (temperature, pH, relative humidity,
soil load), technical assets used for decontamination, decon-
taminated surface (compatibility, pores), and staff performance.
Experimental tests with surrogates of biological agents are thus
necessary to identify above-mentioned points. Once an optimal
decontamination procedure is recognized, a field rehearsal must
follow and the method using a surrogate must be implemented
into a training process of CBRN units.

KEYWORDS
biological agents - decontamination - spores - anthrax -
personal protective equipment - hot zone - CBRN

Epidemiol. Mikrobiol. Imunol., 68, 2019, ¢. 1, s. 40-45

na vysoce rizikovych mikroorganismi, do které spadaji
i patogeny fazené mezi vysoce nakazlivé nemoci. Existuje
nékolik definici dekontaminace. Pro ticely tohoto textu
je dekontaminace chdpana jako proces, pti némz dochazi
k odstranéni a/nebo inaktivaci etiologickych agens z ma-
teriald, kapalin, prostor, popf. prostifedi. Mezi zakladni
dekontaminacni postupy se fadi mechanicka ocista,
dezinfekce a sterilizace. Mechanickou ocistou se rozumi
soubor mechanickych postupti, které snizuji a odstranuji
zejména viditelné anorganické a organické necistoty
a biofilm z ploch a materialti. Dezinfekce je soubor opat-
feni vedouci k zneskodnéni mikroorganismi pomoci
fyzikalnich, chemickych, fyzikalné-chemickych nebo
biologickych (mezidruhovy parazitismus mikroorgani-



smill) postupll, jeZ maji pferusit cestu nidkazy od zdroje
k vnimavé osobé. Sterilizaci se nazyva proces, ktery vede
k usmrceni v§ech mikroorganisma schopnych rozmno-
zovani, véetné jejich spor, vede k nezvratné inaktivaci
virt a usmrceni zdravotné vyznamnych Cervi a jejich
vajicek. Sterilizace uplatniuje pouze fyzikalni, chemické
a kombinované fyzikalné-chemické postupy [1].
U¢innost procesu dekontaminace zavisi zejména na
mnozstvi B-agens, bezprostfedni dezinfekci a nasledném
mechanickém oc¢isténi kontaminovaného mista, druhu
dezinfekéniho pripravku, jeho koncentraci, spektru
ucinku, délce expozice, vnéjsich podminkach (teplota,
PH, vlhkost, biologicka i nebiologicka zatéz), technic-
kych prostfedcich, druhu dekontaminovaného povrchu
(zejména poérovitost) i s ohledem na materialovou kom-
patibilitu a v neposledni fadé i na zkuSenostech osoby,
kterd dekontaminaci provadi nebo podstupuje [2-4].
Vybér dezinfek¢éniho pfipravku a zplisob jeho pouZziti
probiha na zdkladé doporuceni vyrobce, jez se opira o la-
boratorni testy provedené v ramci uvadéni pripravku na
komercni trh. Laboratorni podminky nemusi postihnout
variabilitu redlného prostfedi a aplikaci ovliviiujicich
vysledny efekt (napf. lidsky faktor pfi nanaseni roztoku,
aktivni pristup dekontaminovaného, teplota okolniho
prostfedi). Idedlnim zplsobem zhodnoceni i¢innosti
dezinfekéniho pripravku pro realné prostfedi by bylo
testovani, podobné jako v ptfipadé klinickych studii pii
vyvojinovych 1ékd. Pfestoze je zavedeni téchto metod do
rutinniho testovani dezinfekénich pripravki nepraktic-
ké, v pripadé B-agens je ovéfeni zplisobu jejich dekon-
taminace v praxi vice nez zadouci i s védomim ¢astecné
limitované reprodukovatelnosti vysledki [3].

SPEKTRUM, KONCENTRACE,
SLOZENI A EXPOZICNi DOBA
DEZINFEKCNICH PRIPRAVKU

V soucasné dobé na trhu existuje celd fada dezinfek¢nich
pfipravkl s riznym pouzitim v odliSnych odvétvich
(napf. potravinatstvi, zemédélstvi, zdravotnictvi). Oblast
a zpusob aplikace pripravku uvadi vyrobce v nivodu na
etiketé, v ptibalové informaci nebo v bezpecnostnim
listu. Dekontaminaci zasahujiciho personalu v OOP lze
pfirovnat k tzv. dezinfekci velkych ploch a povrchi ve
zdravotnictvi, pficemZ primeérna velikost plochy ochran-
ného odévu piizapocitani zahybt ¢ini cca 2,5-3 m? (napft.
orientac¢ni vypocet vychazejici z vysky a hmotnosti oso-
by). Pti vybéru dezinfekéniho ptipravku je rozhodujici
jeho spektrum tucinnosti. RozliSuje se ptisobeni statické,
které znamena docasnou ztratu schopnosti mnozeni nebo
pokles riistové aktivity (bakteriostatické, fungistatické
a sporistatické), a ptisobeni cidni, pfi némz dochézi
k trvalému usmrceni (baktericidni - A, virucidni - B,
sporicidni - C, tuberkulocidni - T, mycobaktericidni - M,
fungicidni - V) [1]. Pfi vyskytu vysoce rizikovych biologic-
kych patogent budou vzdy pouZzity biocidni pfipravky,
napt. pro usmrceni spor Bacillus anthracis jsou klicové
dezinfekéni pripravky se sporicidnim tucinkem.

Mezi nejbéznéji pouzivané latky s dezinfekénim ucin-
kem patfi ptipravky s oxida¢nimi schopnostmi, napft.
peroxoslouceniny I. a II. generace, peroxid vodiku nebo
chlorové preparaty [5, 6]. Koncentrace uc¢innych latek
v pfipraveném dezinfekénim ptipravku obvykle dosa-
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huje jednotek procenta [1]. Faktorem vstupujicim do
vysledného G¢inku miize byt i celkové slozeni vyrobku.
Dva riizné komer¢ni produkty se stejnou G¢innou latkou
mohou vykazovat v praktickych testech odliSné uc¢inky,
napf. z divodu rozdilnych pfidavnych latek. Obdobné je
vhodné vnimat kompatibilitu dezinfek¢nich pfipravki
amycich a ¢isticich prostifedkii. Zbytky Cisticich prostfed-
ki, které ulpi na povrchu, mohou negativné interferovat
s dezinfekénim pripravkem béhem zavérecného uklidu
kontaminovaného prostoru (napt. anionické detergenty
s dezinfek¢nimi pfipravky na bazi kvarternich amonio-
vych soli) [3].

Dalsi rozhodujicim kritériem pro zasahujici slozky je
expozicni doba (kontaktni ¢as). Tato doba by méla byt co
nejkratsi pfi sou¢asném zachovani pozadovaného ucin-
ku [7]. Dvodem tohoto poZadavku je limitace pouZiti
OOP, zejména s ohledem na omezenou zasobu vzduchu
v tlakovych lahvich, které zasahujici slozky pouzivaji.
Zasahujici slozky budou preferovat dekontaminacni
metody, jejichz celkova doba nepfesdhne 5 minut.
Zkraceni expozi¢niho ¢asu a rozsifeni spektra ucinku
mize byt podle nékterych autorti dosaZeno zvysenim
koncentrace dezinfekéniho pfipravku. Tuto premisu
vSak nelze aplikovat univerzalné. Nevyhodou pouZzi-
ti vysokych koncentraci dezinfekénich latek muze byt
napt. poskozovani dekontaminovaného materidlu a s tim
souvisejici nardst finan¢nich nakladi. Je proto potfe-
ba laboratornich i experimentalnich testd k prokazani
idedlniho vztahu mezi témito veli¢inami s ohledem na
dalsi faktory (napt. dekontaminovany materidl, organic-
kou/anorganickou zatéz [viz dile]), které mohou ovlivnit
vysledny efekt [4].

VLIV PROSTREDI

Pfi experimentalnim testovani ucinnosti dekontami-
nace B-agens nelze opomijet hodnoceni vlivu prostfedi.
SniZeni G¢inku dezinfek¢éniho pfipravku mitiZe dojit mj.
pfizméneé teploty, pH, vlhkosti, pfitomnosti organické/
anorganické (inhibi¢ni) zatéZe (viz dale) nebo tvrdosti
vody pouzivané k redéni.

Pfi pouzivani dezinfek¢nich pfipravki je nutné postu-
povat podle doporuceni vyrobce, ktery stanovi aplikacni
teplotni rozmezi. Obecné plati, ze dezinfekcni piipravky
jsou nejucinnéjsi pii pokojové teploté [3, 4]. Na druhou
stranu bylo prokazano, Ze v pfipadé chlornanti v kombi-
naci s nizkou organickou zatézi 1ze dosahnout srovna-
telnych vysledka i pfi teploté 4 °C [8]. V pfedpisech HZS
CR je povoleno pouZivat peroxyoctovou kyselinu a dvou-
slozkovy pripravek Hvézda (slozku A tvoii alkalizovana
smés tenzidd, slozku B peroxid vodiku) od teploty 0 °C [6].
Vyrobce rovnéz doporucuje idealni pH roztoku priprave-
ného k pouziti. Vy$§im zasaditéjsim pH lze dosahnout
antimikrobidlniho Géinku v ptipadé glutaraldehydu
nebo pripravku Hvézda, chlorové preparaty naopak sviij
efekt ztraci [1, 9].

Relativni vlhkost vzduchu ovliviiuje dezinfekéni Gci-
nek negativnim i pozitivnim zplisobem. Pfi zaschlém
kontaminantu vySsi relativni vihkost vzduchu pomaha
rehydratovat povrch, ¢imzusnadni priinik aktivni latky.
Nizka relativni vihkost vzduchu naopak urychli zasycha-
ni dezinfekéniho pripravku a tim zkrati expozi¢ni dobu
nutnou ke zniceni cilového mikroorganismu [3].
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Organicka/anorganicka zatéz predstavuje smés organic-
kych a/nebo anorganickych latek, které mohou pfimo
inhibovat aktivni slozku dezinfekéniho pripravku nebo
zabranit jejimu priniku k cilovému agens [3]. Technicka
norma CSN EN 13 704 doporucuje za tG¢elem hodnoceni
sporicidniho G¢inku chemickych dezinfekénich priprav-
k@ pouziti 0,3 g/l hovéziho albuminu za ¢istych podmi-
nek, nékteri autofi pouzivaji koncentraci i vyssi (3 g/l
hovéziho albuminu) [10]. V zahrani¢ni literatute lze
dohledat pro imitaci lehké organické zatéze 5% sérum
nebo trojslozkovy roztok tryptonu, hovéziho albuminu
a mucinu [8, 11]. Pouziti simulantt zaschlé krve nebo
jinych vymétd neni podporovano z diivodu poZadavku
na bezprostfedni dezinfekci a nasledné provedeni me-
chanické ocisty pfi potfisnéni OOP [3]. Zatimco ucinek
nékterych dezinfekénich piipravki je prudce sniZovan
v pfitomnosti organickych latek (napt. chlornany, chlor-
aminy) [1], u peroctové kyseliny je jejich vliv minimalni
[9, 11, 12]. V piipadé chlornanovych preparatd lze vSak
vhodnou kombinaci s jinymi latkami dosahnout ade-
kvatniho vysledku, jak ukazala prace s relativné novym,
dvouslozkovym ptipravkem PTSPCH-], ktery obsahuje ve
sloZce A N-metyl-2-pyrrolidon tri-n-butylfosfat a tenzid
a ve slozce B 0,64 mol/dm? chlornanu sodného [9].

Pfi laboratornim testovani dezinfek¢nich piipravki se
pro jejich fedéni ve vétsiné pripadt pouziva destilovana
voda. Pri zasahu slozek IZS pti vyskytu B-agens neni tento
druh vody k dispozici, proto by fedéni dezinfekéniho pfi-
pravku k ovéfeni ucinnosti dekontaminace v praxi mélo
byt provadéno s bézné dostupnou kohoutkovou vodou.
Nékteti autofi dorucuji jako vychozi hodnotu tvrdosti
vody 400 ppm CaCO,, podle technické normy CSN EN
13704 je doporucena tvrdost vody pod 300 ppm CaCO, [3].

VLIV TECHNICKYCH PROSTREDKU

Zpusob nanaseni dezinfekéniho pripravku a s nim
spojeny objem roztoku patfi mezi dalsi klicové fakto-
ry ovliviiujici efektivnost provadéné dekontaminace.
Dekontaminace zasahujicich v OOP je provadéna nana-
Senim dezinfekéniho roztoku pomoci aplika¢nich (postfti-
kovacé, sprcha) nebo mechanickych prostfedki (kartac).
Pro jednotky pozarni ochrany HZS CR je v pfipadé pouZiti
sprchy doporuceny objem 0,5 1/m?, v pfipadé mechanic-
kého prostfedku se jedna o objem minimalné 11/m? [6].
Dekontaminacni stany obsahujici sprchy se v mnozstvi
nanaseného roztoku lisi v zavislosti na tlaku cerpadla,
poctu hlavic a trysek, jejich velikosti apod. Nékteré
trysky umoznuji priitok 0,8-1,11/min, v jiném ptipadé se
udava celkovy sprchovaci objem az 120 1/min (napft. stan
ES-56LDK, Dekonta). Podobné tidaje 1ze nalézt i v zahra-
nic¢nich zdrojich, ve kterych je primérny objem dekonta-
minacniho roztoku velkoobjemovych dekontaminacnich
stanfl odhadnut na cca 100 1/min [13]. Nevyhodou téchto
stant se sprchou je velka spotfeba vody a dekontaminac-
niho pfipravku a s tim souvisejici veliky objem odpadu,
ktery je nutné odborné zlikvidovat. Podobné i v BSL-4
laboratorich se celkové mnozstvi odpadni tekutiny po-
hybuje v rozmezi 45-228 1/cyklus [14]. Z téchto divodl
nékteti autoti doporucuji pouziti specidlnich trysek ge-
nerujicich jemny aerosol o velikosti ¢astic 20 pm. Pfi
pouziti osmi trysek o priméru vystupniho otvoru 0,3
mm a tlaku 90 bart bylo dosaZeno priitoku 0,55 1/min
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v trysce a kompletniho pokryti vech ¢asti figuriny lid-
ského téla. Souhrnny pritok ¢inil 4,4 1/min, coZ je vice
neZ dostacujici pfi potfebé roztoku 0,5 1/m? podle Radu
chemické sluzby HZS CR [13]. V té samé studii bylo navic
prokazano, Ze pti pouziti jemného aerosolu bylo zachyce-
no az 50 % nanasené vody na povrchu figuriny. V ptipa-
dé vysokopratokovych sprch se toto ¢islo pohybuje okolo
2 % (hodnoceno na figuriné bez nesmacivého povrchu).
Dalsim negativnim faktorem je vyssi pravdépodobnost
aerosolizace kontaminantu [15]. Dekontaminaci aerosolem
podporujeistudie, ktera porovnavala efekt dekontaminace
s ohledem na vzdalenost od trysky. Umisténi vzork mate-
ridlu odévu s nanesenymi sporami cca 15 cm od trysky ne-
vedlo k vyznamnéjsi redukci mikrobialni zatéZe v porovnani
s dekontaminaci figuranta v celotélovém odévu, jenz stal
ve vétsi vzdalenosti od sprchovych hlavic [14].

Dalsi variantou jsou tzv. jednotryskové (bodové) aplikac-
ni prostfedky podobné zahradnim postfikovacim, které
mohou byt pohdanéné tlakovym vzduchem nebo ovladany
rucné. Pritok danym zafizenim se 1i§i v zavislosti na tla-
ku. Calfee et al. nepozorovali rozdil v i¢innosti relativné
nizkotlakych ru¢nich (2,4 bar, 11/min) a vysokotlakych
(228 bar, 12 1/min, respektive 20 bar a 39,7 I/min) pfi-
strojt béhem dekontaminace povrchii [15]. Negativni
strankou téchto pfistrojii je nanaseni roztoku pouze
na urcitou ¢ast osoby, coZ vyZaduje spolupraci obsluhy
a dekontaminovaného. Na druhou stranu jsou snadno
ovladatelné, rychleji rozvinutelné a neprodukuji velké
mnozstvi odpadni tekutiny.

Pri testech s fluorescen¢nim praskem bylo prokazano,
Ze tekutina mazZe byt nosicem kontaminantu, proto by
mély byt omezeny postupy s pouzitim velkého mnozstvi
roztoku a manualnim ¢iS§ténim pomoci kartace. Jednim
z vystupll pokusu kromé ipravy postupu dekontaminace
véetneé svlékani OOP bylo pouziti dezinfekéniho roztoku
ve formé mlhy nebo jemného spreje vedouci ke snizeni
stupné aerosolizace kontaminantu [16].

Pouze necetné studie se vénovaly posouzeni mechanické-
ho vlivu na odstranéni spor, tj. bez vlivu dezinfekéniho
ptipravku. Vysledky byly ovlivnény vybérem metodiky
amaterialdi, na které byly biologické simulanty naneseny.
Pri pouziti nerezovych desticek byl zaznamenan pokles mik-
robialni ndloZe (virus VSV v biologické zatézi) az o Sest fada,
zatimco v praci britskych autorti, jeZ nanesli spory piimo
na ochranny odév, byl mechanicky vliv oplachu vodou
minimalni (pokles o jeden fad) [14, 17]. Vysvétlenim tohoto
rozdilu mohou byt rozdilné sprchovaci systémy a pfilnavost
simulantl na zvoleny povrch. Podobné byly pozorovany
rozdily v i¢innosti dekontaminace na zorniku obleku,
materialu odévu a obuvi, a proto autori zdiiraznuji nutnost
testovani dekontaminace na odpovidajicich materialech.

VLIV POUZITYCH OOP

Pri dekontaminaci zasahujicich sloZzek v OOP je zadouci
zajistit neustaly kontakt dezinfek¢éniho ptipravku s povr-
chem OOP. To mlZe byt v pfipadé nesmacivého a z velké
Casti vertikalniho povrchu velmi komplikované. Pouhé
naneseni miZe vést k rychlému zaschnuti nebo odtoku
pripravku a tim zkraceni doporuceného expozi¢niho
casu a nedostatecnému ucinku (tj. selhani metody)
[3, 10, 18]. V souladu s internimi predpisy Hasicského
zachranného sboru CR (HZS CR) a s ohledem na typ



technickych prostfedki je nutné definovat i minimalni
mnozstvi pfipravku nanaseného na dany povrch a sou-
Casné upfesnit minimalni ¢as nandseni [6]. Aplikovana
davka dezinfekéniho pripravku by méla byt tedy viimana
v kontextu (koncentrace x ¢as x objem)/plocha [3].
Pénotvorné pripravky vét§inu vyse zminénych nevyhod
do znacéné miry odstratiuji. Jsou ale vazany na vhodny
aplikac¢ni prostfedek. Pfitomnost povrchové aktivnich
latek zajistuje kromé lepsi smacivosti povrchu i odstra-
néni kontaminantu a necistot pomoci detergentniho
ucinku. Péna setrvava na vertikalnim povrchu déle nez
vodny roztok a soucasné umoznuje vizualni kontrolu
kompletniho pokryti dezinfikované oblasti. Na zakladé
zkusenosti s dekontaminaci radionuklidt 1ze predpo-
kladat, Ze tloustka vrstvy pény pfiblizné 1-1,5 mm bude
dostatecna k odstranéni biologického kontaminantu [19].
Mezi dalsi vyhody patii jednodussi likvidace zbytkové pé-
ny, ktera se bud samovolné rozpadne, pripadné se odsaje
a rozlozi pisobenim tzv. zhiSece pény. Objem odpadni
vody je tak minimalni [10]. Pénotvorné piipravky maji
nejvétsi uplatnéni vdekontaminaci poréznich povrchi,
jez patii mezi nejhtife dekontaminovatelné.

Personal pracujici v infekénim prostfedi pouziva OOP,
které poskytuji ochranu proti infekénim agens a vzhle-
dem k pozadavku na dekontaminaci i ochranu proti
chemikaliim (ve vétSiné pripadi se jedna o odév typu
3B podle technickych norem CSN EN 14 605 a CSN EN
14 126). Teoreticky by proto nemélo dochazet k neZadou-
ci interakci mezi pouzitym dezinfekénim pripravkem
a materidlem, na ktery je tento pripravek nanaseny.
Obdobné materidly pouzivané pro OOP by nemély byt
porézni, a nemélo by tak dochazet k situacim, v nichz
se dezinfekéni pripravek nedostane k cilovému agens,
napi. kvili pfekryti mikroorganismu v péru bublinou
vzduchu [3].

ZKUSENOSTI PERSONALU

Mimo chyby ve skladovani a pfipravé dezinfekénich
pripravkll nebo aplikacnich zafizeni jsou vyznamné
negativni dopady béhem vlastniho procesu dekonta-
minace zplisobené ¢lovékem (tzv. lidsky faktor). Pii
pouziti sprchy i bodovych pfistroju je nezbytny aktivni
pristup operatora i dekontaminovaného. V pfedpisech
HZS CR i v zahrani¢ni literatufe je zmifiovano pouZiti
kartace, ktery pomahd mechanicky odstrariovat biolo-
gicky material z OOP. Az ¢tyfnasobna redukce spor byla
pozorovana pfi aktivnim pfistupu za pouziti kartace
v porovnani s pouhym statickym pohybem pfi sprchovani
vodou [14]. Na druhou stranu mechanické odstrafiovani
kontaminantu mize vést k naruSeni struktury mate-
ridlu ochranného odévu a ,,slabych mist*, jimiZ jsou
napft. spoje rukavic a obleku prelepené paskou. Kartac,
ktery je v fadé pripadt pouzivany opakované, mize na-
vic vést k Sifeni kontaminace [16]. Osoba v OOP, ktera
podstupuje dekontaminaci, neni ani v pfipadé pouziti
kartace samostatné schopna dosdhnout adekvatnich
vysledki a nejvétsi biologickou zatéZ 1ze pozorovat v ob-
tizné dostupnych mistech v dolnich partiich odévu a na
podrazce obuvi [14]. Dekontaminace je ztiZena i pouzitim
nevhodné velikosti odévu. Nadmérna velikost odévu vede
ke tvorbé zahybil, ve kterych miiZe pfetrvavat zbytkova
kontaminace. 1z téchto divodd je nezbytné, aby se vlast-
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niho dekontaminacniho cyklu ti¢astnily minimalné dvé
osoby, z nichz jedna se soustfedi na spravnou dekonta-
minaci hiife dostupnych ¢asti OOP.

Hrozba timyslného $ifeni spor Bacillus anthracis a souc¢asné
absence jednoduchého a uc¢inného zptisobu dekonta-
minace vedly v roce 2004 k zavedeni jednotné metody
dekontaminace jednotek pozarni ochrany HZS CR pomoci
2% roztoku Persterilu 36 (resp. 4% roztoku Persterilu 15).
Cilem expertd bylo vybrat Sirokospektry, dezinfek¢ni
roztok, ktery je dostupny, jednoduse pfipravitelny, ma
kratkou expozicni dobu, snadno se nanasi a likviduje
[7]. Vybér dezinfek¢éniho ptipravku byl proveden formou
reSers$i a laboratornich testl. V ramci taktickych cviceni
HZS CR a ACR nicméné neprobihalo systematické mik-
robiologické ovérovani icinnosti provadéné dekontami-
nace piislusniky HZS CR i ACR a nelze tedy dolozit, jak
velky vliv ma lidsky faktor na vysledek dekontaminace.
Pravdépodobnost pouziti biologického indikatoru ke
zhodnoceni t¢innosti dekontaminace v redlném case je
prakticky nulova i vzhledem k riznorodym podminkam,
které v dobé zasahu panuji, proto je klicové provedeni
praktickych testli v redlném prostiedi se simulantem
biologické kontaminace [5].

HODNOCENI UCINNOSTI DEKONTAMINACE

Hodnoceni u¢innosti dekontaminace s biologickym si-
mulantem lze stanovit na zakladé doporuceni americké
agentury Enviromental Protection Agency (EPA). Bacillus
thuringiensis, Bacillus megaterium, Bacillus atrophaeus a Bacillus
subtilis jsou povazované za nepatogenni bakterie, a tu-
diz predstavuji vhodné varianty nahrazujici B. anthracis
[20]. Vybér vhodného simulantu se odviji od zaméfeni
laboratornich praci, morfologickych a genetickych poZa-
davka a zvyklosti pracovisté. Z pohledu dekontaminace
povrchil plynnou formou peroxidu vodiku vykazoval
B. subtilis shodnéjsi vysledky s B. anthracis nez dalsi testova-
ny mikroorganismus Geobacillus stearothermophilus [20, 21].
Podobné tomu bylo i v pfipadé testovani fady dezinfekc-
nich ptipravki na riznych materidlech [22].

Pro ucely registrace sporicidniho dekontaminacniho
ptipravku ucinného proti sporam B. anthracis bylo porad-
nim panelem agentury EPA navrzeno, aby technologie
urcend k dekontaminaci povrchti dosahla redukce v poctu
viabilnich spor minimdalné o Sest fada [22]. Na druhou
stranu podle CSN EN 13 704, resp. CSN EN 14 347 je pro
ucely prokazani sporicidniho tc¢inku nutné dosahnout
poklesu alesporn o tfi, resp. ¢tyfi fady. Dosazeni nulové
kontaminace, jak je navrZzeno nékterymi autory, je pfi
provedeni praktickych testd s vét§im souborem vzor-
kt prakticky nemozné [23]. PoZzadavek na redukci spor
béhem dekontaminace by mél vychazet ze zhodnoceni
rizika nakazy, tj. z infekéni davky nutné k vyvolani one-
mocnéni. Zdroje uvadéjici letdlni davky (LD,,) v ptipadé
inhala¢ni formy antraxu se li§i. Zatimco vojenské zdroje
hovoii o LD,; 8 000-10 000 spor, konsensus americkych
specialisti uvadi LD, 2 500-55 000 spor [24, 25]. PfestoZe
byly uverejnény studie, které na zdkladé matematického
modelovani a extrapolovani vysledkl ze studii na zvi-
fatech povazuji i jednotky spor schopné vyvolat fatalni
onemocnéni (LD1) [26, 27], jinymi autory jsou tyto vy-
sledky povaZovany za spekulativni a zavadéjici z diivo-
du chybéjicich epidemiologickych a experimentalnich
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dukazi [28, 29]. Tito autofi nachazi oporu v praci z roku
1960, podle které ani 8hodinova expozice priblizné 1300
spor (z toho 510 spor v respirabilni velikosti do 5 pm)
nevedla u zaméstnanct tovarny zpracovavajici kozi srst
ke vzniku onemocnéni [30]. Na zakladé této prace bylo
navrzeno, aby celodenni inhala¢ni davka 600 spor u ji-
nak zdravych osob byla povazovana za je§té pfimétrenou
v ramci hodnoceni rizika nakazy [31].

Pfi analyze rizik 1ze teoreticky vychazet i z hodnoceni
ucinnosti dezinfekénich a steriliza¢nich postupd. V pfi-
padé kontroly dezinfekénich procesti jsou biologickymi
indikatory bakterie Enterococcus faecium, resp. Staphylococcus
aureus o denzité suspenze 10° CFU (colony-forming unit)
na nosici. Pro kontrolu parni, horkovzdusné, plazmové
a plynové sterilizace se pouzivaji napt. spory Geobacillus
stearothermophilus v denzité suspenze 10° CFU/ml. Proces je
hodnoceny jako u¢inny, pokud nedojde k naréistu spor
[1]. V pfipadé hodnoceni Gcinku sterilizace hovofime
otzv. SAL10° (sterility assurance level, irover bezpecné
sterility), tj. pravdépodobnost, Ze nepfeZije vice nez jeden
mikroorganismus z jednoho miliénu [1, 32]. V pripadé
terminu ,,logaritmicka“ redukce hovotfime o procentual-
nim mnozstvi eliminovaného mikroorganismu (redukce
010°¢vede k poklesu 0 99,9999 %). Lze tedy predpokladat,
Ze nartist maximalniho poctu sto kolonii (10?) po skonceni
dekontaminace pfi vstupni denzité vice nez 10 CFU/ml
je mozné povazovat za dostatecnou uroven prokazujici
ucinnost metody dekontaminace B-agens v experimen-
talnich podminkach.

Dalsi z klicovych casti testovani dekontaminace B-agens
je vylouceni pokracujiciho biocidniho nebo biostatického
uc¢inku dezinfekcéniho pfipravku po provedeni oplachu.
Vétsina postupli popsanych v literatufe uvadi ponofeni
zkoumaného materidlu do neutraliza¢niho roztoku,
coz neni v pripadé experimentalnich zkousek s vétSimi
plochami (napf. kompletni ochranny odév) mozné [33].
Modifikaci tohoto zptisobu je provedeni stéru dekontami-
nované plochy a nasledné ponoieni odbérového prostred-
ku do transportniho média, které obsahuje neutralizacni
slozku, napft. thiosiran sodny [34].

Pro zhodnoceni experimentalniho testovani dekonta-
minace B-agens je klicova statisticka analyza, na kterou
budou kladeny zvySené naroky zejména v podobé malého
poctu pozitivnich vysledka. Vybér vhodné analyzy bude
zaviset na velikosti testovaného souboru. Pfi malém
souboru vzorki, jejichZ vysledky se budou bliZit 1 nebo
0, bude nutné provést presny bodovy a intervalovy odhad
binomické pravdépodobnosti nebo presny test binomické
pravdépodobnosti [35]. V pfipadé, Ze jsou pocet realizaci
pokusu a o¢ekavand hodnota pravdépodobnosti i¢innosti
dekontaminace dostatecné velké, 1ze pouzit aproximace
binomického rozdéleni rozdélenim normalnim, pfipadné
provést modifikaci tohoto testu zvanou Yatesova korek-
ce [36]. Zavislost nebo nezavislost riznych usporadani
pokusu lze testovat pomoci testu nezavislosti v kontin-
gencni tabulce.

ZKRIZENA KONTAMINACE

Experimentalni testy maji pochopitelné fadu limitd, me-
zi néz patfi napi. zkfiZena kontaminace nebo pfitomnost
biologického simulantu v okolnim prostfedi. Nékteré
rizikové faktory lze minimalizovat na inosnou mez za-
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vedenim kontrol kvality (pozitivni a negativni kontrola,
duplikaty stérd apod.), vybérem experimentalniho pro-
stfedi, fadnym tklidem, zkuSenosti tester( a v neposled-
nifadé robustnim designem studie. PouZiti fluorescenc¢ni
1atky snizZuje riziko falesnych vysledkli, na druhou stranu
neposkytuje zpétnou vazbu pti potfebé analyzy dekonta-
minacéniho procesu jako celku, tj. dezinfekéniho tuc¢inku
a lidského faktoru. Hlavni vyhodu barevného indikatoru
predstavuje moznost jednoduchého sledovani prenosu
kontaminantu béhem dekontaminace, procesu svlékani
OOP a dalsi manipulace s dekontaminovanym materia-
lem. V praxi se fluorescencni latka pouziva zejména pro
kontrolu fadné dezinfekce rukou.

Z4adna metoda dekontaminace B-agens nemiiZe garan-
tovat 100% ucinnost, z tohoto diivodu je nutné stanovit
riziko zbytkové kontaminace, které je pro zasahujici slozky
jesté akceptovatelné [5, 31]. Je proto nezbytné identifiko-
vat slaba mista vedouci k pfenosu kontaminace mimo
nebezpecnou zénu a prizptsobit tomu postupy zasahuji-
cich jednotek. Dekontaminace s vyloucenim aerosolizace
kontaminantu je sice klicovym, ale pouze prvnim krokem.
K dalsimu snizZeni rizika druhotné kontaminace je nutné
upravit postupy navazujici na vlastni proces dekonta-
minace, napf. pouZivani pouze jednorazovych kartaca/
smetacka pro mechanické odstranéni hrubsich necistot,
postup svlékani OOP a vyména rukavic u osob, které pti
svlékani asistuji. Po svléknuti OOP je zasadni provedeni
hygienické celotélové ocisty mydlem a vodou [16].

ZAVER

Ideadlniho stavu, ve kterém dekontaminace vysoce riziko-
vych biologickych patogenti probéhne ve vSech piipadech
prakticky bezchybné, nelze dosahnout. Analyza dekon-
taminacniho procesu personalu v OOP, ktery vystupuje
z nebezpecné zény, je velmi komplikovand. Zasahujici
sloZky se tak mohou v redlnych podminkach spolehnout
pouze na kontrolu spravné koncentrace dezinfekéniho
ptipravku. Simulant biologické zatézZe, ktery by posky-
toval obdobné rychlé, okamzité vystupy, bohuzel neexis-
tuje a pouziti standardnich biologickych indikitort je
z Casového hlediska nepraktické. Lze ovSem cely proces
pripravit tak, abychom se k idedlnimu stavu maximalné
priblizili. V prvni fazi je nezbytné identifikovat dezin-
fekéni pfipravek, urcit jeho koncentraci a dobu expozice.
V dalsim kroku probéhne vybér vhodnych aplika¢nich
prostfedki. Nasledovat musi experimentalni, praktické
ovéfeni zvolenych postupli na zdkladé testd se simulan-
tem biologické zatéZe. Konecnym vysledkem by mél byt
postup, ve kterém je moznost clovéka negativneé ovlivnit
proces dekontaminace vyrazné redukovan. K tomu po-
miuiZe i diraz na adekvatni vycvikovy proces, jenz musi
vSechny vySe uvedené faze doplnit.
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Brisni tyfus v Ceské republice a pripad
importovaného onemocnéni po navstéve
Rainbow Gatheringu v Italii

Spackova M.', Miskova E.2, Dédi¢ova D.', Gasparek M.3

'Centrum epidemiologie a mikrobiologie, Statni zdravotni Ustav, Praha
?Infekéni oddéleni a Centralni laborator, Nemocnice Trebic
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SOUHRN

Brisni tyfus je onemocnéni zplsobené vysoce virulentni bakterii
Salmonella Typhi. K ndkaze dochdzi fekalné-oraini cestou. V Ceské
republice se v letech 1997-2017 vyskytlo celkem 53 pfipadU bris-
niho tyfu. Pouze 7 téchto pripadl bylo autochtonnich. V srpnu
2017 byl v Ceské republice zaznamenan pfipad importovaného
onemocnéni u 25leté neockované zeny, ktera se v tydnu pred
zacatkem onemocnéni Ucastnila Rainbow Gatheringu. Zde spala
ve stanu, stravovala se z vlastnich zdsob a pozivala nepfevarenou
vodu. Pro neustupujici kasel, inavu, bolesti svald, kloub( a teploty

ABSTRACT

Spackova M., Miskova E., Dédi¢ova D., Gasparek M.: Typhoid
fever in the Czech Republic and an imported case after return
from the Rainbow Gathering in Italy

Typhoid fever is a disease caused by the highly virulent bacte-
rium Salmonella Typhi. It is transmitted by the oral-faecal route.
In the Czech Republic, 53 cases of typhoid fever were reported
in 1997-2017. Only seven of these cases were autochthonous. In
August 2017, an imported case of typhoid fever was recorded
in a 25-year-old unvaccinated woman who participated in the
Rainbow Gathering in Italy one week prior to the onset of the
disease. During her stay in Italy, she slept in a tent, ate her own

BRISNIi TYFUS

Bris$ni tyfus (starsi cesky nazev hlavnicka) je nemoc
zplsobena vysoce virulentni bakterii Salmonella enterica
subspecies I sérovar Typhi (Salmonella Typhi, antigenni
struktura 9, 12; Vi; d) [1].

Lidé jsou jedinym znamym rezervoarem tohoto one-
mocnéni. K nadkaze dochazi fekdlné-oralni cestou dvéma
riznymi zplisoby:

1. kratkym cyklem - kontaminaci vody anebo stravy
v bezprostfednim okoli nosice pti nedodrzovani zaklad-
nich hygienickych pravidel;

2. dlouhym cyklem - kontaminaci $ir§iho okoli pfi konta-
minaci zdroje pitné vody nebo pouzitim lidskych vykali
jako hnojiva [2].

V zemich s nizkym hygienickym standardem se onemoc-
néni vyskytuje bézné [1].

az 40 °C byla pacientka po ndvratu hospitalizovana v Nemocnici
Trebic¢, kde byl potvrzen nalez S. Typhi. Epidemiologickym Se-
trenim bylo zajisténo 6 kontaktd. Pri propusténi i nasledném
|ékarském dohledu méla pacientka vsechny odbéry jiz negativni.
Nikdo dal$f neonemocnél.

KLiCOVA SLOVA

bFisni tyfus - tyfova horecka - Sa/lmonella Typhi - importovany
pFipad - Rainbow gathering

food, and drank unboiled water. Presenting with persisting cough,
tiredness, muscle and joint pain, and fever up to 40 °C after her
return, she was admitted to the Trebi¢ Hospital where she was
diagnosed with S. Typhi. The epidemiological investigation iden-
tified six contacts. On discharge from hospital and at follow-up,
the patient was tested negative. None of the contacts becameill.

KEYWORDS
Typhoid fever - Salmonella Typhi - imported case - Rainbow
Gathering

Epidemiol. Mikrobiol. Imunol., 68, 2019, ¢. 1, s. 47-50

Inkubacni doba je 7-14 dnia (v rozmezi 3-60 dnu).
Nasledné onemocnéni mtize mit celou §kalu riznych
Kklinickych pfiznakd a ¢asto také probiha bezptiznakove.
Vaznéjsi pribéh se projevi horeckou, bolestmi hlavy,
bficha, nechutenstvim a maldtnosti. V pribéhu dne
muZe mit nemocny zastfené védomi, které je vystfidano
noc¢ni nespavosti. K prijmu dochazi jen ve dvou tfetinach
pfipadl, zejména u malych déti. Diagndza je stanove-
na kultivaci S. Typhi z krve, kostni dfené nebo stolice.
Klinické pfiznaky u léCenych pacientli (antibioticka
a symptomaticka 1écba) rychle ustupuji. Horsi pribéh
onemocnéni maji starsi lidé. Komplikace se vyskytuji
u hospitalizovanych jedinc v 10-15 %, spiSe u osob ne-
mocnych déle nez dva tydny (hemoragie, perforace stfev,
peritonitida a cholangitida, kterd se Castéji vyskytuje
u Zen a vede Kk bacilonosicstvi ve 2-5 %). Smrtnost je
u léCenych pacientl 1-4 %, mj. s ohledem na véasnost
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a adekvatnost 1é¢by, u nelécenych dosahuje 10-20 %.
Smrtnost u déti mladsich 4 let je 10krat vyssi neZ u star-
§ich déti[1, 2].

V poslednich letech se vyskytuji kmeny multirezistentni
S. Typhi vi¢i antibiotikim, z nichZ nejbéznéji je zachy-
cena S. Typhi typ H58 (genotyp 4.3.1) nesouci mj. geny
rezistence vii¢i fluorochinolontim [2]. Vyskyt rezistent-
nich kment podtrhuje diileZitost preventivnich opatfent,
obzvlasté ockovani.

BrIisni tyfus je rozsifeny ve vSech zemich s teplym klima-
tem a nizkym hygienickym standardem, vcetné turis-
tickych oblasti v rozvojovych zemich [2]. Celosvétové je
odhadovan vyskyt onemocnéni na 11-21 miliént novych
pripadl a 128 000-161 000 souvisejicich amrti rocné.
Vétsina pripadi se vyskytuje v zemich jizni a jihovychod-
ni Asie (Indii, Sri Lance, Nepalu) a v subsaharské Africe.
Mnoho ostrovnich statli Ocednie rovnéZz hlasi vysokou
incidenci tohoto onemocnéni a rozsahlé epidemie [1, 3].
V primysloveé vyspélych zemich se bfisni tyfus stal vzac-
nym onemocnénim, a to pfedevsim diky dobrym hygie-

nickym podminkam a kvalitnimu zdravotnictvi. Vétsina
novych pripadt v téchto zemich je importovana cestova-
teli nebo migranty. Onemocnéni bfisnim tyfem je riziko-
vé zejména pro cestovatele na indicky subkontinent [4].
V Ceské republice (CR) se v letech 1997-2017 vyskyt-
lo celkem 53 pfipadt bfisniho tyfu; z toho 30 pfipadd
se vyskytlo u muzii, 50 piipadt bylo hospitalizovano.
Nejvice pripadii se vyskytlo ve véku 20-34 let a dale 50-54
let (graf 1). Pouze 7 téchto ptipadd bylo autochtonnich
ave 46 ptipadech se jednalo o importovana onemocnéni
cestovateld (graf2.).

PREVENCE ONEMOCNENI

Pii cestovani do rizikovych oblasti a také vSeobecné je
potfeba dodrzovat zakladni hygienicka pravidla prevence
prenosnych onemocnéni. Bezpecné jsou pouze dostatec-
né tepelné opracované potraviny, vlastnorucné oloupané
ovoce, balena voda. Rizikové jsou kromé jidla veskeré

pfedméty, které nékdo drzel v ruce

14

12

anasledné jsou vkladany do tst, napti-
klad i cigareta. Je také vhodné vyhnout

se syrovym potravinam, nebalenym
¢i nepfevafenym napojim a kostkam

10

ledu. Dezinfekéni prostfedky na ruce
je potfeba pouzivat pravidelné.

Specifickou ochranou proti onemoc-

pocet pripadi

néni bfisnim tyfem je ockovani.
OcCkovani je doporuceno cestovatelim

do rizikovych oblasti v zavislosti na
typu ubytovani, délce pobytu a typu

stravovani, zdravotnickym pracov-
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Graf 1. Pocet pripad( infekce brisnim tyfem v Ceské republice v letech 1997-2017, podle
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mi srazlivosti krve mtiZe byt vakcina
opatrné aplikovana subkutanné do del-
tové oblasti. U1 % oc¢kovanych osob se
miiZe objevit mirna lokalni reakce:
bolestivost, zarudnuti a otok. Celkové
nezadouci uc¢inky (zvySena teplota, bo-
lesti hlavy, svédéni, nauzea) a alergic-
ké reakce jsou vzacné. Kontraindikaci
ockovani proti bfiSnimu tyfu je ptre-
citlivélost na kteroukoliv slozku vak-
ciny a akutni horecnaté onemocnéni.
Ucinnost vakciny se pohybuje mezi



43-96 %, proto idaj o provedeném ockovani onemocnéni
jednoznacné nevylucuje. Ockovani mize vést k falesné-
mu pocitu bezpeci, proto je nutné dileZitost nespecifické
prevence naleZité zdliraznit. V piipadé pretrvavajiciho ri-
zika nakazy je preockovani doporucovano po tfech letech.
Oc&kovani proti bfisnimu tyfu v CR patfi mezi doporucena
nehrazend ockovani. Je mozné jej aplikovat spolecné s dal-
§im ockovanim (vZdy do rizného ramene) [1]. Ockovani
proti bfisnimu tyfu neni G¢inné proti paratyfim.

RAINBOW GATHERING

Rainbow gatheringy jsou setkani inspirovana starymi
indidnskymi legendami a ritudly. V taborech se Zije
prirodnim zptisobem. Jidlo se ji spole¢né u posvatného
ohné. Najidlo a dalsi potfeby se pofadaji dobrovolné sbir-
ky. Nesméji se zde uzivat tvrdé drogy, maso a alkohol.
Zakladnim principem je tolerance a soulad s pfirodou
a vSemi sestrami a bratry [5].

IMPORTOVANY PRIPAD BRISNIHO
TYFU V CESKE REPUBLICE

V srpnu 2017 jsme v CR zaznamenali pfipad onemocnéni
bfisnim tyfem u 25leté Zeny. Tato Zena v predchorobi
s kamaraddem cestovala, nejprve po Cechach, dale pies
Némecko a Svycarsko do italskych Alp. Od7. do11. srpna
se oba ztcastnili Rainbow Gatheringu v italskych Alpach
ve vysokohorském sedle u mésta Tramonti di Sopra.
Misto bylo pristupné pouze pésky a bylo vzdalené cca
3 km od silnice. Akce oznacena jako ,,Evropské setkani
alternativné smyslejicich 1idi“ se konala 14 dni pted
uplnkem a 14 dni po ném. V dobé Gpliiku 7. srpna 2017
se v misté konani akce mohlo nachazet az 3 000 osob.
Nasi cestovatelé spali ve stanu, stravovali se z vlastnich
zasob a z jidla pfipravovaného ostatnimi ticastniky akce.
Vodu pozivali nepfevatenou z Cerpacich stanic, studni
a studanek.

Prvni potiZe se u pacientky objevily 15. srpna 2017, dva
dny po navratu do CR - bolesti v krku, bolesti hlavy
a prijem, nasledujici den se pridaly kasel, inava, bo-
lesti svalli, kloubd, zimnice a teploty az 40 °C. Pacientka
obdrzela od obvodniho 1ékafe k uzivani Fromilid tbl. Pro
opakované zvraceni pti nelep§icim se celkovém zdravot-
nim stavu byla dne 25. srpna 2017 hospitalizovana na
plicnim oddéleni Nemocnice Trebic. Pri pfijeti labora-
torné dominovala vysokd hladina CRP (158 mg/l), byly
lehce elevované jaterni enzymy (ALT 0,69 pkat/l, AST
1,07 pkat/l) a v krevnim obraze byly zvySené hodnoty
neutrofilnich granulocytd pfi normalnim poctu leuko-
cytli. Hodnota prokalcitoninu byla 0,6 pg/l . Fyzikalnim
vySetfenim nebyla zji§téna Zadna napadna patologie
kromé horecky 40,2 °C. Po odebrani vzorkd na kultivacni
vySetfeni byla zahajena i. v. antibioticka terapie poten-
covanym aminopenicilinem. 27. srpna 2017 signalizovaly
pozitivitu vSechny hemokultiva¢ni lahvicky s nalezem
gramnegativnich tycek. Antibioticka terapie, i s ohledem
na pretrvavajici febrilie, byla 4. den 1é¢by zménéna na
cefotaxim v kombinaci s gentamicinem. Vykultivovany
kmen S. Typhi byl citlivy k cefalosporintim III. generace,
k chloramfenikolu, ale rezistentni k ciprofloxacinu.
Pozitivni nalez S. Typhi byl tyZ den hlaSen oSetfujicimu
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1ékafi a protiepidemickému oddéleni Krajské hygienické
stanice kraje Vysocina (KHS) a pacientka byla preloze-
na na infekéni oddéleni Nemocnice Tfebi¢. Kmen byl
odeslan ke konfirmaci do Narodni referenc¢ni laborato-
fe pro salmonely, kterd 30. srpna 2017 potvrdila nalez
S.Typhi9,12,[Vi]:d:-. Lé¢ba pacientky pokracovala pouze
cefotaximem. Pacientka udavala zlepSeni stavu az na
pretrvavajici, intermitentné zvysené teploty. Postupné
klesaly zanétlivé parametry, mirné stoupaly hodnoty
jaternich enzymu a poklesl hemoglobin. Sérologicky
byla vyloucena soucasné probihajici akutni hepatitida
A, Bnebo C. Na sonografii bficha byla zjiSténa hranicni
velikost sleziny. Celkem 6krat bylo provedeno kultivacni
vySetfeni vytéru z rekta a 2krat moci, ale v zadném z téch-
to vzorki se pfitomnost S. Typhi neprokazala. Vzhledem
k pretrvavajici horecce byla 5. den 1é¢by cefotaximem
terapie zménéna na i.v. chloramfenikol. Horecky zcela
ustoupily az 11. den 1é¢by chloramfenikolem, ktery byl
podavan celkem 14 dni. Nasledné provedené laboratorni
odbéry ukazaly plnou normalizaci hodnot jaternich enzy-
mi i CRP. Jiné potiZe v pribéhu hospitalizace pacientka
neudavala, byla poucena o protiepidemickych opatfenich
a19. zati 2017 propusténa domi. KHS provedla v soula-
du s metodickym navodem protiepidemicka opatfeni
vohnisku nakazy. Celkem bylo zjisténo 6 osob v kontaktu
s nemocnou. Témto osobam byl stanoven lékafsky dohled
v délce 21 dnti a byly jim nafizeny odbéry biologického
materidlu (4krat vytér z konecniku a 1krat odbér krve na
sérologické vySetfeni). VSechny tyto odbéry byly negativ-
ni. Nikdo z kontaktii neonemocnél. Pacientka méla pti
propusténi negativni nalez ve stolici a podle metodického
navodu ji byly rovnéZ provedeny 3 nasledna kultivacni
vySetfeni moci a stolice, vSechna s negativnim vysled-
kem. Pacientka proti bfiSnimu tyfu nebyla ockovana.
Pozn.: Tento pripad byl zdroveri Setfen Evropskym centrem pro prevenci
akontrolu nemociv rdmci mezindrodniho vyskytu pripadii onemocnéni
bfiSnim tyfem po ndvstévé Rainbow Gatheringu v italskych Alpdch
v1éte 2017 [6].

DISKUSE

Bfis$ni tyfus je zavazné onemocnéni, které se nadale vy-
skytuje v zemich s teplym klimatem a nizkym hygienic-
kym standardem. Ackoliv existuji i¢inné moznosti pre-
vence tohoto onemocnéni, celosvétové se vyskytuje rocné
11-21 miliénd novych pripadd a z toho 128 000-161 000
souvisejicich tmrti. V Ceské republice bylo v poslednich
dvaceti letech zjisténo 53 pripadti tohoto onemocnéni,
avsak 50 z téchto pripadl (94 %) muselo byt pro svou
zavaznost hospitalizovano. Pro Ceské cestovatele a pra-
covniky v endemickych oblastech z@istava toto onemoc-
néni jednim z moznych rizik, a je tudiZ vhodné si pred
cestou osvojit pravidla nespecifické prevence pfenosnych
onemocnéni a zvazit moznost o¢kovani proti bfisnimu
tyfu. V CR je v soutasné dobé dostupna inaktivovani
polysacharidova vakcina Typhim Vi. Vakcinu Ize podat
osobam star§im dvou let v jedné davce do deltového sva-
lu, a to nejpozdéji dva tydny pred odjezdem do rizikové
oblasti. Ochrana po aplikaci nastupuje za 14 dni. Toto
ockovani patti mezi doporucend, nehrazena ockovani
a je dostupné na vlastni zadost v ockovacich centrech,
centrech cestovni mediciny ¢i na vybranych klinikach
pracovniho lékafstvi.
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ZAVER

V CR se onemocnéni bfi$nim tyfem vyskytuje pouze
vzacné. VétSinou se jedna o importované pripady, které
se vSak s ohledem na stoupajici oblibu alternativnich
Zivotnich styld a stdle rostouci trend cestovani do exo-
tickych zemi{ mohou nadale objevovat. Je tedy vhodné
dbat na prevenci tohoto onemocnéni pfi vycestovani do
rizikovych oblasti nebo pfi pobytu v ne zcela vhodnych
hygienickych podminkdach. Pfi vyskytu hore¢natého
onemocnéni s bolestmi bficha, malatnosti a prijmem
v CR v kombinaci s pozitivni cestovatelskou anamnézou
je nadale nutné na toto onemocnéni pomyslet.
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Zemyel prof. MUDr. Jan Sejda, DrSc.

Dne 9. listopadu 2018 se Ceska epidemiologicka obec
rozloudila s prof. MUDr. Janem Sejdou, DrSc., ktery
nahle zemfel 1. listopadu v nedozitych 84 letech. Tato
smutna udalost zarmoutila mnoho kolegl, pratel a spo-
lupracovnikd.

Profesora Sejdu znali nejen pracovnici epidemiologic-
ké obce a spolupracujicich obordi. Znali jej jako Siroce
vzdélaného clovéka, vyborného organizatora, badatele,
pedagoga, prisného a obdvaného examinatora, kolegu
akamarada, ale také britkého kritika vSech forem lidské
hlouposti. Jeho celozivotni prace potvrdila, Ze byl mi-
motadnou osobnosti, a to nejen v ceskych podminkach.
Jeho vyznam piekrocil zcela jisté hranice ceské kotliny.
Prvnim plisobi§tém profesora Sejdy, roddka z Podébrad,
byla Vysocina. Nejprve kratce plisobil v nemocnici
v Jihlavé a poté presel do Havlickova Brodu, kde se roku
1960 stal vedoucim epidemiologického oddéleni Okresni
hygienické stanice. V roce 1963 zacal plisobit jako odborny
asistent tehdej$iho Ustavu epidemiologie a mikrobio-
logie v Praze. Poté v roce 1965 presel do Institutu pro
dalsi vzdélavani 1ékaii a farmaceutd v Praze na katedru
epidemiologie, ktera se na dlouha 1éta stala jeho trvalym
pracovistém. Zde posléze prevzal funkci vedouciho této
katedry. Pasobeni na katedfe epidemiologie prolozil
¢innosti v zahranici. V obdobi let 1972-1975 se stal exper-
tem Svétové zdravotnické organizace pro epidemiologii
v oblasti Karibiku a jeho sidlem se stala Venezuela. Po
ukonceni zahrani¢ni mise se vratil na domovské praco-
visté a stal se postupné nositelem védeckych hodnosti,
byl jmenovan hlavnim odbornikem ministerstva zdra-
votnictvi pro obor epidemiologie, stal se ¢lenem fady
poradnich a expertnich organt véetné clenstvi ve vyboru
Spole¢nosti pro epidemiologii a mikrobiologii Ceské 1é-
katské spolecnosti Jana Evangelisty Purkyné.

V 90. letech minulého stoleti pracoval na Hygienické
né ¢innosti byla problematika drogové epidemiologie.
Vypracoval zde navrh koncepce Ustfedniho pracovisté
drogové epidemiologie Ceské republiky, které v teh-
dejsich podminkach bylo vnimano jako integrovana
soucast vznikajiciho systému ochrany vetejného zdravi.
Pocatecni obdobi nového tisicileti je spjato s ptisobenim
prof. Sejdy na Zdravotné socialni fakulté Jihoceské uni-
verzity v Ceskych Budé&jovicich.

V této souvislosti je nutno zd@iraznit jeho Sirokou publi-
kacni a pedagogickou ¢innost. Jeho odborné zaméteni je
dolozeno desitkami publikaci v tuzemském i zahranic-
nim odborném tisku.

Napriklad je mozZno zminit monografii zabyvajici se
problematikou spalnicek a snahou o jejich GispéSnou
eliminaci v Ceské republice, & problematikou prevence
1éCby a dalsich aspektdi ndkazy HIV/AIDS.

Pro jeho plisobeni v pozici hlavniho odbornika byl roz-
hodujici zajem tykajici se epidemiologické metodologie
a snahy o pfesnou a jednoznacnou aplikaci terminologie
v epidemiologii.

Béhem jeho plisobeni se podafilo témér beze zbytku
naplnit dikci tehdy platnych predpisii, tykajicich se ope-
rativniho usmérnovani strategie pravidelného o¢kovani
déti ve staté a fizeni, organizace a kontroly vakcinace tak,

aby vychdazela z provéfenych objektivnich dat a zjiSténého
stavu kolektivni imunity. K tomu vyznamné napoma-
haly vysledky periodicky provadénych viceucelovych
sérologickych pfehledl. Diky tomu se Ceska republika
dostala na jedno z pfednich mist v efektu pravidelného
ockovani déti.

Na vysokou troven se podafilo pfivést odborné a metodic-
ké vedeni zdravotnickych pracovnikli v terénu, a to nejen
v hygienické sluzbé. Teprve dnes, v ,éfe internetu”,
muZeme porovnat a dostatecné ocenit vyznam odbor-
nych recentnich informaci pravidelné publikovanych
pracovistém profesora Sejdy v dobé, kdy jejich tok byl
ptisné regulovan.

Vsichni Gcastnici S§kolicich aktivit, kurzi a Skolicich
mist v pfipravé na ziskani odbornych specializaci, pota-
danych katedrou epidemiologie, vZdy ocerovali jejich
droven a piinos pro praktickou ¢innost. Prispély k po-
chopeni fady ,epidemiologickych axiomt*, naptiklad
Ze byt dobrym epidemiologem neznamena jen osvojeni
si mnoZstvi poznatkdl z mnoha medicinskych a dalsich
oborti. Epidemiologie v §ir§im slova smyslu je pfedevsim
tfeba vnimat jako zptisob mysleni.

My, ktef{ jsme kolegu Sejdu osobné znali a povazovali
nejen za kolegu, ale i za osobniho pfitele, na néj nema-
Zeme zapomenout. Po vice jak pil stoleti jeho profesni
¢innosti prisla na jeho Zivotni pouti kone¢na stanice, a to
v situaci, kdy mohl diky své vysoké kompetenci oslovit
své posluchace a ¢tenafe dal§imi tématy. Misto toho vSak
po ném zlstava velka mezera, ale také pamatka v podobé
Zivotniho dila.

Ceské epidemiologii pfejme, aby mezery vzniklé stiida-
nim generaci byly v kratké dobé nahrazeny prichodem
vzdélanych a plné kompetentnich lidi.

Ceské Budé&jovice 14. 1. 2019
MUDr. Jan Augustin

Po dohode Séfredaktorije prispévek otiStén i v Casopise Zprdvy Centra
epidemiologie a mikrobiologie.
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Zemrela RNDr. Eva Aldova, CSc.
(*21.11.1922 - +20.12. 2018)

Meésic po svych 96. narozeninich zemfela 20. prosince
2018 predni Ceska a Ceskoslovenska mikrobiolozka v pro-
blematice stfevnich bakterii, RNDr. Eva Aldova, CSc.
Dr. Eva Aldova nastoupila po maturité na redlném gym-
naziu 3. cervna 1941 do Statniho zdravotniho tstavu jako
mikrobiologicka laborantka a tomuto ustavu z@istala
vérna po celou dobu své profesni kariéry. Tésné ke konci
valky, v dubnu 1945, byla dr. Aldova jednim ze spolupra-
covnikil prof. Karla Rasky, ktery byl povéien fizenim
likvidace epidemie skvrnitého tyfu v koncentra¢nim
tabofe Mala pevnost v Tereziné.

Pod vedenim prof. Rasky se dr. Aldova podilela na feseni
fady dalSich epidemii. Po ndvratu z ro¢ni staze v Severni
Koreji se jeji zdjem presunul ke stfevnim bakteriim, které
se pak staly jejim celoZivotnim konickem. Zavérem roku
1957 ustanovil prof. Raska prvni tfi Narodni referencni
laboratofe v Ceské republice a dr. Aldova se stala vedouci
NRL pro shigely.

V poloviné Sedesatych let roz§ifila jeji laboratof spek-
trum své plsobnosti o Celed Vibrionaceae. V roce 1966
méla dr. Aldova prilezZitost pracovat s kmeny pravé
cholery pfi epidemii v Iraku a dale potom i v roce 1970
v Guinei a v Libérii. Do prazské laboratofe byly zasilany
k identifikaci kmeny Vibrio cholerae z riznych svétovych
epidemii i diky spolupraci se Svétovou zdravotnickou
organizaci. Prvni kmeny Vibrio cholerae O1 izolované
v Ceskoslovensku se do laboratofe dr. Aldové dostaly
v roce 1970. Byly to izolaty z mens§i zavlecené epide-
mie cholery na stavenisti elektrarny ve Vojanech na
vychodnim Slovensku.

Dr. Aldova se dlouhd 1éta vénovala i podminénym pato-
genlim z Celedi Enterobacteriaceae. Se svymi spolupracov-
nicemi se snazila o taxonomické zatazeni vSech obtizné
identifikovatelnych kmenti, které byly zaslany od kolegl
z bakteriologickych pracovist v celém Ceskoslovensku.
V roce 1967 zahajila dr. Aldova diagnostiku yersinii a téz
enteroinvazivnich E. coli. Nékolik let vedla dr. Aldova od-
bornou skupinu stfevnich bakteridlnich infekci CEM SZU.
Diky vyborné spolupraci dr. Aldové s kolegy z terén-
nich pracovist byly objeveny a popsany dva ptivodni
Ceské bakterialni rody z Celedi Enterobacteriaceae: BUDVICIA
s druhem Budvicia aquatica (1983) a PRAGIA s druhem Pragia
fontium (1988).

Doktorka Aldova spolupracovala i s cetnymi zahranic¢ni-
mi védeckymi kolektivy. V poslednich letech své odborné
¢innosti patfila k jejim mezinarodné vyznamnym aktivi-
tam sérotypizace kment Plesiomonas shigelloides. Méla v této
oblasti rozsahlou spolupraci s japonskymi, némeckymi,
§védskymi, kanadskymi a dalsimi badateli.

Jméno pani doktorky Aldové je navzdy zapsano do taxo-
nomie stfevnich bakterii: na jeji poCest nazval v roce 1984
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Bercovier se spolupracovniky novy druh yersinie, ktery
byl izolovan z vodnich ekosystémti, YERSINIA ALDOVAE.
Bez nadsazky lze fici, Ze pani doktorka Aldova byla celo-
svétové znamou a uznavanou mikrobiolozkou.

Dr. Aldova se celou svou védeckou kariéru vénovala pilné
i pedagogické ¢innosti. Jeji laboratoti proslo nékolik set
mikrobiologli nejen z nasi republiky, ale i ze zahranici.
Vsichni, kterym rozdavala nezistné a osobité svoje bohaté
zkuSenosti, na ni radi vzpominaji.

Své aktivni plisobeni v Centru epidemiologie a mikro-
biologie SZU skoncila po 58 letech &innosti v srpnu
v roce 1999.

V roce 1999 slavila Americka mikrobiologicka spolecnost
(American Society for Microbiology, ASM) 100. vyroci
zalozeni. Pfi této prileZitosti byla dr. Aldova, na navrh
Ceskoslovenské spole¢nosti mikrobiologické, pocténa
titulem ,Heroine of Microbiology*“, ktery ASM udélila
dvandcti nejvyznamnéjs$im svétovym mikrobiolozZkam
za poslednich 100 let.

Na navrh Spolecnosti pro epidemiologii a mikrobiologii
CLS JEP byla pani dr. Aldové udélena Zlata pamétni
medaile Ceské 1ékafské spole¢nosti J. E. Purkyné. Byla
nositelkou i nejvyssiho ocenéni Ceskoslovenské spolec-
nosti mikrobiologické, Patockovy medaile.

Pani doktorky Aldové jsme si vSichni, kdo méli to Stésti
a mohli s ni spolupracovat, hluboce vazili. Do svych
poslednich dnfi si zachovala jasnou mysl a zajem o sviij
milovany obor.

Cest bud jeji paméatce!

Za vSechny spolupracovniky
Petr Petrds

Po dohodeé Séfredaktortije prispevek otiStén i v Casopise Zprdvy Centra
epidemiologie a mikrobiologie.

Inzerce ¥



Predstavujeme publikaci

Vysoce nebezpecné
hakazy - .

o nych ndkaz v podminkach Ceské republiky. Definuje
mediciny problematiku vysoce nebezpecnych nakaz (VNN), do-
minantné se zamérenim na VNN s interhumannim
pfenosem, resp. s potencidlem interhumanniho pre-

Jan Smetana et al. nosu. Popsan je aktualni stav a moznosti v Ceské re-

o o publice. Uvedeny jsou priklady vyskytu VNN a charak-
VYSOCE nebezpecne teristika vybranych onemocnéni, obecné jsou rovnéz
nékazy popsany systémy Feseni vyskytu VNN v CR a pohled

na jejich reseni z rznych Grovni systému (napf. epi-
demiolog, zdravotnické zafizeni, centrum VNN na Bu-
lovce, moznosti ACR - Centrum Téchonin). Uvedeny
jsou i moznosti laboratorni diagnostiky a soucasné
moznosti ockovani jako vyznamného preventivniho
opatreni. V neposledni Fadé bude nastinéna spojitost
s problematikou bioterorismu. Aktualni je i téma rizi-
ka VNN pFi migraci obyvatel.

Podobné zamérena publikace dosud v naSem |ékar-
ském pisemnictvi chybi.

Kniha je urcena pro odborniky z fad |ékarl, ktefi se
zabyvaji problematikou vysoce nebezpelnych nakaz
(integrovany zachranny systém, epidemiologové, kli-
nicti pracovnici). Je i vhodnym studijnim materialem.

Autor: Jan Smetana et al.
Doporuc€ena cena 550 K¢

Pri objednani na k]ﬂﬂﬂ..cz sleva 10%

MEDICAL Nejvétsi vydavatelstvi zdravotnickych tituld v CR

SERVICES a poradatel kongresU, konferenci a sympozif sk i

Mlada fronta a. s. Mezi Vodami 1952/9, 143 00 Praha 4-Modfany, www.medical-services.cz
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Pokyny pro autory a recenzenty

2 vz

Casopis Epidemiologie, mikrobiologie, imunologie pfinasi
nejnovéjsi poznatky a pohled do problematiky téch-
to oborti. Vyuzivaji ho nejen pracovnici zminénych
oborti, ale uzite¢né poznatky pro svou praci v ném na-
jdou iostatnizdravotnicti odbornici. Redakce casopisu
Epidemiologie, mikrobiologie, imunologie ptijima ru-
kopisy v Cedtiné, slovenstiné nebo angli¢tiné. Casopis
vychazi ¢tvrtletné.

Casopis Epidemiologie, mikrobiologie, imunologie ziskal
v roce 2012 IF (Impact Factor) a stale se dafi ho udrzet.
Ziskani IF je pro nas casopis velmi povzbudivé, ale
zaroven také zavazujici. Hodnoceni kvality ¢asopisi,
které ziskaly IF, se kazdoro¢né opakuje, takZe mi-
Zeme jeho hodnotu postupné zvysovat, ale mtzeme
o IF také zcela ptijit. Publikovani kvalitnich ¢lanka je
tedy vyzvou jak pro autory, tak pro recenzenty naseho
Casopisu. Redakéni rada si vazi prace autorti, ktefi
predkladaji své rukopisy do naseho casopisu, a ocekava
od nich porozumeéni v situacich, kdy vysledek recenz-
niho fizeni nedoporudi publikovat jejich rukopis. Pro
udrzeni IF casopisu do budoucna je nezbytné zajistit
kvalitni ¢lanky s vysokou citovanosti a minimalnim
poctem autocitaci.

Od ledna 2015 casopis Epidemiologie, mikrobiologie,
imunologie zpoplatiiuje publikovani ¢lanku s dedi-
kaci grantového ¢i jinak finanéné podporovaného
vyzkumu a vyvoje z vefejnych zdroju. Cena jedné
tiskové strany v ¢asopisu je 1 800 K¢ véetné DPH.
Potfebnou ¢istku lze ¢erpat z prostfedkii na tento
vyzkum, Korespondujici autor ¢lanku s uvedenou
dedikaci bude kontaktovan vedouci redaktorkou
¢asopisu a obdrZi pokyny ohledné platby. Pokud
platba nebude provedena, bude dedikace vyskrt-
nuta ve stadiu druhé korektury textu.

Casopis ma pravidelné rubriky: souborny referat (cca
20 stranek rukopisu), ptivodni prace (cca 12 stranek
rukopisu), kratké sdéleni (maximalné 6 stranek ru-
kopisu, nestrukturovany souhrn maximalné 10 fadek,
pocet tabulek/grafi maximalné 1-2, pocet referenci
maximalné 10), zpravy ze zahrani¢nich sjezdt (maxi-
malné 2 stranky rukopisu), zpravy, oznameni, osobni
sdéleni (maximalné 3 stranky rukopisu), recenze knih
(maximalné 3 stranky rukopisu).

U ptvodni prace je doporucena nasledujici struktura:
uvod, material a metody, vysledky, diskuse, zavéry,
literatura. Soucasti souborného referatu, kratkého
sdéleni a pvodni prace je souhrn, ktery ma byt
co nejstrucnéjsi, psany ve 3. osobé, s minimalnim
poctem zkratek, které maji byt pfi prvnim pouziti
vysvétleny. Souhrn piivodni price ma byt struk-
turovany: cil price, materiil a metodiky, vysled-
Ky, zavéry. Souhrn kratkého sdéleni je maximalné
na 10 fadek, nestrukturovany. Pod souhrnem ma
byt uvedeno 3-5 klicovych slov. €lanky publiko-
vané v ¢asopisu Epidemiologie, mikrobiologie, imuno-
logie jsou dostupné na webovych strankach ¢aso-
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pisu: https://www.prolekare.cz/casopisy/epide-
miologie

Pro staZeni plného textu publikovanych ¢lanku
v PDF je nutno provést registraci na webovych stran-
Kach ¢asopisu.

Vyzyvame autory, aby nepodcenovali provedeni aktu-
alnireSerse zahranic¢nii Ceské literatury na dané téma
a aby nalezité diskutovali o svych vysledcich.

Redakci je nutno dodat rukopisy psané na pocitaci
typem pisma Times New Roman, velikost 12, po jed-
né strané listu formatu A4, fadkovani 1,5. U textu je
vhodné provést automatickou kontrolu podle slovniku
»~ABC*“ ve Wordu. Taxonomické nazvy se pisi kurzivou,
text uréeny ke zdiraznéni tu¢nym pismem. Pfi prvnim
pouziti druhového nazvu je tfeba nazev rodu vypsat
cely (napt. Escherichia coli), pfi druhém a dalsim pouziti
se nazev rodu zkracuje (E. coli).

Redakce ptfijima rukopisy v textovém editoru Word
for Windows. Prispévky musi byt napsany formou
tzv. hladké sazby: bez zarazek, odrazek, netcelnych
tvrdych ,entert* na konci fadky (,,enterem* oddélovat
pouze odstavce, ne bézny konec fadky), podtrhavani,
zmeén velikosti pisma, formatovani (na stfed, pomoci
tabulatorti), automatické ¢islovani odstavcl (napf.
u citaci v literatufe nutno ¢islice vypisovat) a veske-
rych grafickych experimentd, které moderni tiskovy
editor umozniuje. VeSkera pfednastaveni je nutné zru-
§it. KaZdy elektronicky dodany pfispévek musi byt
zaroven dodan i v tisténé formé v jednom vyhoto-
veni, Papirovy a elektronicky text musi byt identické.

Pod nazvem prace je tfeba uvést jméno autora ¢i auto-
1l (v pofadi: pfijmeni, kfestni jméno) a jeho (jejich)

pracovi$té. Kfestni jména autorti se uvadéji pouze
inicidlami.

Na zvlastnim listé (v elektronické podobé v oddé-
leném souboru) pfiklada korespondujici autor pro-
hlaseni, Ze prace nebyla dosud publikovana, ani
nabidnuta k publikaci v jiném ¢asopisu. Je povin-
nosti korespondujiciho autora zajistit, aby v§ichni
spoluautofi souhlasili s publikovinim predloZené
verze rukopisu. Tuto skutecnost rovnéz uvede do
zminéného prohlaseni. Na uvedené prohliseni neni
zadny formular - jedna se o volné sdéleni korespon-
dujiciho autora, které predklida redakci ¢asopisu
spolu s rukopisem.

Seznam literatury je nutno zpracovat podle stat-
ni normy CSN ISO 690, 010197, s ¢islovanim podle
abecedy nebo podle poradi uvedeni citace v textu
rukopisu, ¢isla citaci jsou v textu rukopisu uvedena
v hranatych zavorkach.

Autofi jsou nabadani, aby v ¢asopisu Epidemiologie,
mikrobiologie a imunologie omezili autocitace pouze na
zasadni a nezbytné.



U citaci s vétsim poctem autorii se jméno ¢tvrtého
a dal$ich nahrazuje zkratkou et al. V citacich mo-
nografii 1ze pfi vice nez dvou autorech zkratkou et al.
nahradit jiz jméno druhého a dalsiho autora.

Priklady citaci:

» monografie
Kfizova P, Roznovsky L. Meningokokové onemocnéni.
Praha: Maxdorf; 2011.

- pfispévek v monografické publikaci

KiiZova P. Epidemiologie invazivniho meningo-
kokového onemocnéni. In: Kfizova P, Roznovsky L.
Meningokokové onemocnéni. Praha: Maxdorf; 2011.

s. 167-195.

« ¢lanek v serialovych publikacich

Vogel U, Taha MK, Vazquez JA et al. Predicted strain
coverage of a meningococcal multicomponent vaccine
(4CMenB) in Europe: a qualitative and quantitative as-
sessment. Lancet Infect Dis, 2013;13(5):416-425.

Pokud jsou pouZity zkratky ¢asopisti, je nutné dodr-
Zovat CSN 01 01 96 Zkracovani nazvi ¢asopisti a jinych
periodik. U odkazl na prace dosud nepublikované,
avs$ak prijaté k uverejnéni, je tfeba uvést nazev casopisu
s poznamkou (v tisku).

« informace o lokaci elektronickych dokumentu

- odkaz na elektronickou monografii

Olson, Nancy (ed.) Cataloging Internet resource:
A Manual and Practical Guid [on line]. 2nd ed. Dublin:
OCLC, ¢1997[cit. 2003-04-09]. Dostupny na www:<
http://www.oclc.org/oclc/man925cat/toc.htm>. ISBN
1-556553-236-9.

- citovani online dokumentu (neznamy autor)
Dlouhodoby zdmer Univerzity Karlovy v Praze [online]. 1999-09-
09 [cit. 2001-11-201]. Dostupny na www: <http//certik.
ruk.cuni.cz/asuk/dlouhodoby/zamer.html>

« elektronické seridlové publikace

- odkaz na ¢asopis v elektronické podobé

JEP: The Journal of Electronic Publishing [online].
Ann Arbor (MI): University of Michigan Press. 1995-
[cit. 2003-04-02]. 12x ro¢né. Dostupny také z www:
<http.//www.pfes.umich.edu/jep) index.html. ISSN
1080-2711.

- odkaz na webovskou verzi ti§téného ¢asopisu
Forum: Casopis Univerzity Karlovy. Praha: Univerzita
Karlova, 1995- 1x za 14 dnii. Dostupny také na www:
<http://enlil.ff.cuni.cz/.

VsSechny grafy, schémata, obrazky a tabulky (for-
mat A4) v tisténé formé je nutno oznacit na rubu
jménem autora, nizvem prace a Cislem grafu.
Tabulky a grafy se zafazuji aZ na konec rukopisu na
samostatnych listech, nikoliv do textu. Priklada
se seznam tabulek, grafii, obriazku a k nim potieb-
na legenda.

Obrazky a grafy lze tisknout i barevné. Elektronickou
obrazovou dokumentaci (tj. grafy, fotografie i barev-
né, vystupy z pristroji) pfijima redakce ¢asopisu pro
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prfimé tiskatské zpracovani, a to ve formatech tiff
a eps. Grafy musi byt zpracovany napiiklad ve forma-
tu Excel, kde je pripojena zdrojova tabulka. Tabulky
mohou byt ve Wordu nebo Excelu, tabulky naske-
nované nelze pouZit. Ve§kera dokumentace musi byt
zaslana i v papirové podobé. Pokud jsou obrazky ve
formatu jpg, je tfeba uzit velkého rozliSeni (300 dpi)
z dlivodu kvality. Pozor: obrazky vloZené do Wordu
nejsou kvalitni (pfili§ malé rozliseni), je vhodné
dodavat je samostatné,

Pro urychlené doruceni korektur je nutno uvést
u korespondujiciho autora jméno a prijmenii s ti-
tuly a pfesnou adresou, véetné PSC, telefonem
a e-mailem (e-mailova adresa bude uvedena v pu-
blikaci).

Po prijeti prace k publikovani dostane autor na opra-
vu tiskovych chyb prvni korekturu. V korektufe 1ze
opravit vSechny nedostatky a chyby, ale nelze nic
ménit na puvodnim textu. Rukopis opraveny podle
korektorskych znacek autor musi vratit podle po-
kynu redakce do tydne.

Souborné referaty, pavodni prace a kratka sdéleni
prochazeji recenznim fizenim. V souladu s recenz-
nimi pravidly casopisu je rukopis nejprve posouzen
v predrecenznim tizeni redakéni radou a pokud jim
aspésné projde, je zahajeno vlastni recenzni fizeni.
Oba procesy probihaji oboustranné anonymizované.
Pro rukopisy jsou urceni dva nezavisli recenzenti.
V ptipadé rozpornych recenzi je osloven tfeti nezavisly
recenzent. Konecné rozhodujici slovo ma redakéni
rada Casopisu pri sestavovani nového cisla. O nega-
tivnim vysledku recenzniho fizeni je informovan
korespondujici autor, nikoli vSak recenzenti rukopisu.
Redaké¢nirada Casopisu si vazi prace recenzentii a vel-
miza ni dékuje. Zaroven vSak redakéni rada pfipomi-
na, ze nema kapacitu oznamovat konecné vysledky
recenzniho fizeni recenzentiim, ani je pfedbézné
oslovovat s dotazem, zda chtéji ¢lanek recenzovat.
Pokud recenzent nemizZe z jakéhokoli diivodu recenzi
provést, informuje o této skutecnosti co nejdrive re-
dakéniradu ¢asopisu, popt. jinabidne za sebe jiného
vhodného recenzenta.

Rukopisy vSech ¢lent redakéni rady podléhaji stejné
jako vSechny ostatni rukopisy nezavislému recenzni-
mu fizeni, bez mozZnosti ovlivnéni vysledkd tohoto
fizeni. Redak¢éni rada velmi hlida transparentnost
svych postupt a jejich soulad s mezinarodné uzna-
vanymi etickymi zadsadami vydavani odbornych ca-
sopisi. Na zakladé posudku recenzentt rozhoduje re-
dakénirada o prijeti a uvefejnéni rukopisu. Redakéni
rada si vyhrazuje pravo provadét opakované recenze.
Autor je povinen reagovat na ptipominky recenzniho
fizeni a vysvétlit eventualni neakceptovani doporu-
¢eni recenzentd.

Redakce si vyhrazuje pravo urcit potfadi praci pfijejich
zvefejnovani i pravo na konecnou jazykovou tpravu
textu do tisku.

Prijaté prace se archivuji v redakci a nevyzadané ru-
kopisy se nevraceji autorim.
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Rukopisy v kvalitni elektronické formé je nutno po-
silat redakci e-mailem na adresu emi@szu,.cz a sou-
¢asné jeden vytisk poStou na adresu:

MUDr. Pavla KiiZova, CSc.

vedouci redaktorka casopisu Epidemiologie, mikrobio-
logie, imunologie

Centrum epidemiologie a mikrobiologie

Statni zdravotni tstav

Srobarova 48

100 42 Praha 10

e-mail: emi@szu.cz

EPIDEMIOLOGIE, MIKROBIOLOGIE, IMUNOLOGIE 2019, 68, ¢.1

Rukopisy opravené podle pfipominek recenzenti je
tfeba vratit e-mailem a v jednom vytisténém exem-
plafi na stejnou adresu.

Pokyny pro autory a recenzenty jsou dostupné na webo-
vych strankach casopisu Epidemiologie, mikrobiologie,
imunologie:
https://www.prolekare.cz/casopisy/epidemiologie/in-
formace

Aktualizovano 28. 2. 2019.



