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CIRCULATION OF PORCINE REPRODUCTIVE AND RESPIRATOIS‘Y
SYNDROME VIRUS IN SWINE HERDS IN THE CZECH REPUBLIC

CIRKULACE VIRU REPRODUKCNIHO A RESPIRACNIHO SYNDROMU
PRASAT V CHOVECH PRASAT V CESKE REPUBLICE

L. Valicek, I. Psikal, B. Smid, S. Indik, L. Rodék, E. Kosinova

Veterinary Research Institute, Brno,Czech Republic

ABSTRACT: Porcine reproductive and respiratory syndrome (PRRS) was identified as the cause of health disorders in sows
and losses in newborn piglets in three herds in 1998, In the herd B, the infection resulted in a marked decrease of pregnancy
rate, and in the herds H and D in increased numbers of stillbirths and early deaths of piglets. Demonstration of antibodies to
PRRS virus in nine sows of the herd B was followed by demonstration by reverse transcription and polymerase chain reaction
of viral RNA in their blood sera as well as in blood sera of two of the twelve tested boars. PRRS virus was isolated in PLM
culture from one of the two boars. In the herd H, antibodies to PRRS virus were demonstrated in blood serum of 15 of the
16 tested sows. Viral RNA was demonstrated in blood serum of two sows and in lung tissue of two dying piglets and two
piglets killed soon after birth. PRRS virus was isolated in PLM culture from the lung suspension of one piglet. In the herd
D, viral RNA was demonstrated in blood serum of four sows and three piglets aged 2 to 5 days. PRRS virus was isolated in
PLM cultures from blood serum of one of the sows and lung tissue samples of two piglets. The results are an evidence that,
following the first detection of PRRS in the Czech Republic in 1995, the causative virus circulated in swine herds and induced
clinical disease in some swine herds in 1998.

swine; PRRS virus; antibodies; RT-PCR; virus isolation; PLM cultures

ABSTRAKT: Ve tfech uZitkovych chovech prasat byl v roce 1998 identifikovédn jako pivodce zdravotnich poruch prasnic
a ztrdt selat po narozeni virus PRRS. V prvnim chovu (B) dolo k vyraznému poklesu zabfezavéni prasnic a v dalSich dvou
chovech (H a D) se infekce klinicky manifestovala zvySenymi Ghyny selat brzy po narozeni spolu s vy$8imi polty mrtvé
narozenych selat. Po priikazu protildtek proti viru PRRS u deviti prasnic v prvnim chovu (B) byla v séru viech prasnic
prokédzéna metodou RT-PCR také virovd RNK. Ve stejném chovu byla virovd RNK prokizéna také v séru dvou z dvanicti
kancu, pouZivanych k pfirozené plemenitb& a navic byl ze séra jednoho kance virus je3t& izolovan na bun&&né kultufe PPM.
V druhém chovu (H) byla po prukazu virové specifickych protilitek u patnicti ze 16 vySetfenych prasnic prokazana virova
RNK v séru dvou prasnic a dile v plicni suspenzi dvou uhynulych a dvou po narozeni utracenych selat. Z plicni suspenze
jednoho selete byl virus je$t& izolovan na bun&né kultufe PPM. Ve tietim chovu (D) byla virovd RNK prokédzéna v séru &tyf
prasnic a ze séra jedné z t&chto prasnic byl virus izolovén je$t& na bun&&nych kulturdch PPM. Déle byla virovd RNK zjiiténa
metodou RT-PCR v séru tfi selat a nasledné byl ze dvou t&chto selat virus také izolovdn na bun&&nych kulturich PPM.
Vysledky prokézaly, Ze po prvnim zjidténi viru PRRS v naSich chovech v roce 1995 virus stéle cirkuluje v fad€ chovi prasat
a v nékterych muZe byt pfi¢inou zdravotnich poruch a ekonomickych ztrat.

prasata; virus PRRS; protilatky; RT-PCR; izolace viru; bunééné kultury PPM

INTRODUCTION

Viral aetiology of the porcine reproductive and res-
piratory syndrome (PRRS) was demonstrated for the
first time in 1991 by Dutch authors who succeeded in
the isolation of the causative agent in cell cultures (Wens-
voort et al., 1991). In the Czech Republic (CR), the
research of this emerging infection was initiated in 1995
and the first outbreak was confirmed not only serologi-
cally, but also by direct demonstration of the causative
agent by reverse transcription followed by polymerase
chain reaction (RT-PCR) in the same year (Valigek et

al., 1995, 1996). Several strains of PRRS virus were
isolated in CR in cell cultures (Valiek et al., 1997a).

Serological screening for PRRS in breeding herds
and artificial insemination (A.L.) centres, in which the
State Veterinary Administration of CR, the State Vete-
rinary Institute Jihlava, and the Veterinary Research
Institute Brno were involved, was started in 1996. The
relatively low number of serologically positive herds
(26%) detected in 1997 motivated the implementation
of control measures in breeding herds and A.IL. centres
that were aimed particularly on the protection of healthy
herds against introduction of the infection consisting in

*  Supported by the Ministry of Agriculture of the Czech Republic (Project No. EP 9186).
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serological checks of all traded and transported ani-
mals. Virological (RT-PCR) examinations were done
only in serologically positive animals, because it is
known that the virus persists in the host and can be shed
even by animals carrying specific antibodies (Meredith,
1995). In breeding boars, the virus can be present in
semen (Swenson et al., 1994); therefore virological ex-
aminations of blood sera, done during the control of the
infection in CR were in some boars completed by ex-
amination of semen samples. Partial results of the ex-
aminations of breeding boars have already been pub-
lished (Valicek et al., 1997b), but investigations in
selected A.I centres are ongoing.

Although the control measures imposed in breeding
herds and A.IL centres were updated by implementation
of new diagnostic methods, they could only limit and
slow the spread of infection. Numerous investigations
carried out in the Czech Republic in 1998 confirmed
continuing circulation of PRRS virus in some swine
herds. Although the current course of the infection in
the Czech Republic differs from the pattern observed
during severe epizooties that caused serious economic
losses in the USA in 1987 and in West European coun-
tries in 1990-1991 (Goyal, 1993), PRRS virus still causes
reproductive disorders in sows and increases losses of
piglets in some swine herds, as documented in this paper.

MATERIAL AND METHODS

Characteristics of tested herds

Etiologic investigations were done in several swine
herds affected by health disorders in sows and in-
creased death rates in piglets in 1998. PRRS virus was
demonstrated in and isolated from three commercial
herds characterised as follows:

Herd B is a herd with 380 sows. A marked impair-
ment of fertility, manifested by a sharp decrease of
non-return rate after 1st breeding from 90% in 1996
down to 56% in a certain period of 1997, was recorded
in sows and gilts. The females were mated by 12 boars.
Blood sera of 9 sows with impaired fertility were tested
for antibodies to PRRS virus and by RT-PCR in 1998
(Tab. I). The same examinations were done in all the
boars (Tab. II). Blood serum of the boar No. 5669, that
was positive for viral RNA by RT-PCR, was also used
as source material for an attempt to isolate PRRS virus
in cultures of porcine lung macrophages (PLM).

Herd H is a commercial herd with 120 sows in
which the number of stillbirths and of piglets dying
soon after birth increased markedly in December 1997
and January 1998. The females were artificially insemi-
nated with semen supplied by the A I centre R. Sixteen

I. Herd B: Serological and virological tests of sows

Serial Sow Sampling | Antibodies Virus**
No. No. date (ELISA)" RT-PCR
1. 8 754 20. 1. 1998 ++ +
2: 7 647 20. 1. 1998 ++ +
3. 9242 20. 1. 1998 ++ +
4, 8 698 20. 1. 1998 ++ +
5. 8812 20. 1. 1998 ++ +
6. 7 465 20. 1. 1998 ++ +
s 9219 20. 1. 1998 ++ +
8. 8 721 20. 1. 1998 ++ +
9 7 969 20. 1. 1998 ++ +

* =PRRS IgG ELISA (TEST-Line, Ltd.)

** = demonstration of viral RNA by RT-PCR
+ = net absorbance (NA) 0.2-1

++ =NA 1.1-2

II. Herd B: Tests of blood sera of boars for antibodies to PRRS virus and demonstration of viral RNA by RT-PCR

. 4 7 Antibodies Virus
Serial No. Boar No. Arrival date Sampling date (ELISA)* RT-PCR™ Tsolation (PLM4)

1. 5 669 18. 5. 1995 30. 1. 1998 + + +
2. 1479 14. 7. 1995 30. 1. 1998 neg neg N
3. 2 499 23. 2. 1995 30. 1. 1998 + neg N
4. 3010 22. 3. 1996 30. 1. 1998 ++ neg N
S 617 11. 7. 1996 30. 1. 1998 ++ neg N
6. 4 504 6. 3. 1997 30. 1. 1998 + + N
7 4947 20. 7. 1997 30. 1. 1998 ++ neg N
8. 4 936 20. 7. 1997 30. 1. 1998 ++ neg N
9. 5364 23.9. 1997 30. 1. 1998 + neg N
10. 5 269 23. 9. 1997 30. 1. 1998 + neg N
1. 5713 6. 2. 1997 30. 1. 1998 ++ neg N
12. 5843 16. 12. 1997 30. 1. 1998 + neg N

* = PRRS IgG ELISA (TEST-Line, Ltd.) A = in culture of p lung phag

** = virus demonstration by RT-PCR neg = negative

+ = net absorbance (NA) 0.2 to 1 N = not done

++ =NA 1.1-2
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I11. Herd H: Serological and virological tests of sows

i - Number of piglets Blood Blood serum
S;r‘;x-ll i;’:’ Date of parturition i pig o saxigling® ELISA) =
1: 30 1. 11. 1997 15 7 108 ++ N+
2 272 4.2.1997 15 2 105 + N
3. 68 10. 2. 1997 7 0 99 ++ N
4. 23 grivnlns 12.:1997 10 3 68 ++ N
5 81 28. 12. 1997 9 3 51 ++ N
6. 9 31. 12. 1997 11 2 48 ++ N
x 83 3. 1. 1997 14 3 45 ++ N
8. 57 8. 1. 1998 10 1 40 ++ N
9, 162 18. 1. 1998 11 1 25 +++ N
10. 65 20. 1. 1998 13 8 23 ++ N
11. 67 21. 1. 1998 10 4 22 + N
12. 55 23. 1. 1998 9 1 20 N
13. 51 27. 1. 1998 14 2 21 neg N
14. 41 30. 1. 1998 9 3 13 +++ N
15. 74 10. 2. 1998 12 3 7 ++ +
16. 73 12. 2. 1998 11 7 S ++ -
* = PRRS IgG ELISA (TEST-Line, Ltd.) b = days after birth
+ = net absorbance (NA) 0.2to | neg = negative
++ =NA 1.1-2 N** = not done
+++=NA>2
IV. Herd D: Serological and virological tests of sows
Serial Number of piglets Antibodies Virus in blood serum
No. Sow No. (ELISA)™* ; -
born reared RT-PCR Isolation (PLM)
L. * - + N N
2. * - + N N
2; * - + N N
4, * - + N N
5. * - + N N
6. * - + N N
T 571 12 8 + + N
8. 417 11 9 + + +
9. 608 11 5 + + N
10. 519 11 ? + + N
1. 747 12 10 ++ N N
12. 597 7 0 N N
13; 601 11 3 N N
¥ = gilts 3 days after introduction in herd + = net absorbance(NA) 0.2-1
b = PRRS IgG ELISA (TEST-Line, Ltd.) ++ =NA L1-2
PLM =cul of p lung macrophag +++ =NA>2
N = not done

sows giving birth to litters with increased early death
rates were tested for antibodies to PRRS in the second
half of February. Blood serum samples collected from
two of them (Nos. 73 and 74) on post-partum days 7 and
5, respectively, were also tested by RT-PCR (Tab. III).
The serological and virological examinations were also
done in 2 piglets immediately after death and another
2 piglets killed in extremis. Lungs of the piglets were

VET. MED. - CZECH, 44, 1999 (10): 289-294

used to prepare 10% suspensions in Eagle medium sup-
plemented with antibiotics. Sediments of the suspen-
sions were tested by RT-PCR and the suspensions were
also used as inoculum in attempts to isolate PRRS virus
in cultures of PLM.

Herd D is a herd with 220 sows. Health problems,
characterised by an increase of early death rate and in
some litters also by an increase of the number of still-
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V. Herd "D": Tests of piglets aged 2 or 5 days

X Born Blood serum Sl [
Serial b PLM Isolation
No. );\‘SO:VS Antibodies | Virus | RT-PCR | in PLM

0 (ELISA) | RT-PCR
1 747 + + N N
2 601 + + N
3 597 ++ + + +
* see Tab. IV

** = demonstration of viral RNA in porcine lung macrophages
N = not done

born piglets, became apparent in mid May 1998. Death
losses reached 40% in July 1998. In the first examina-
tion, done in the same month, blood sera collected from
ten sows were tested for antibodies to PRRS virus and
four of them also by RT-PCR (Tab. IV). Another three
sows were tested serologically after parturition and one
piglet was collected from each of the three litters. Two
2-day-old piglets (Nos. 1 and 2) and one 5-day-old
piglet (No. 3) were tested serologically and by RT-PCR.
Moreover, PLM were obtained by pulmonary lavage
from the 5-day-old piglet. The cells were cultured in
the RPMI medium supplemented with 10% bovine foe-
tal serum for four days; then the suspension was fro-
zen-thawed for RT-PCR and also used in attempts to
isolate PRRS virus in cultures of PLM (Tab. V). Sero-
logical tests were also done in the 7 boars used for
mating.

Laboratory examinations

Serology

Antibodies to PRRS virus were assayed by ELISA
using sets supplied by TEST-Line, Ltd, Brno (PRRS
1gG ELISA kit). The results were interpreted as recom-
mended by the manufacturer. Absorbance was meas-
ured at 450 nm and the results were expressed in terms
of net absorbance (NA), i.e. difference in absorbance
between the wells containing the viral and the control
antigens, respectively.
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Virus isolation

PLM cultures obtained by pulmonary lavage from
piglets suspected of PRRS (Smid et al., 1976), or from
healthy piglets aged 3 to 4 weeks and free of antibodies
to PRRS were used in virus isolation attempts. PLM
were cultured in the RPMI-1640 medium supplemented
with antibiotics (400 IU penicillin, 0.4 mg streptomy-
cin per 1 ml) and 10% bovine foetal serum.

RT-PCR

The technique of RT-PCR described in detail else-
where (Valitek et al., 1996, 1997) was used for the
demonstration of the ORF7 part of the PRRS virus
genome in porcine blood sera, lung tissue suspensions
and PLM cultures.

Indirect fluorescent antibody test (IFA)

Virus antigen was demonstrated in PLM cultures
also by IFA. The cells were incubated for 12 to 72 h
and fixed with cold acetone for 10 min. Then PRRS-
positive porcine blood serum diluted 1 : 10 was added
and the cells were incubated at 37 °C for another 45 min.
Fluorescein-conjugated rabbit anti-porcine IgG was
added after washing with phosphate buffered saline, pH
7.2, and the cells were incubated for another 45 min.
Then the cells were washed again and viewed with
a fluorescent microscope (Vali¢ek et al., 1997).

RESULTS
Herd B

Antibodies to PRRS virus were demonstrated by
ELISA in all the nine tested sows showing reproductive
disorders (Tab. I). All the sera were also positive for
viral RNA detected by RT-PCR. The search for poss-
ible sources of the infection included also examination

1. Virus isolation in PLM and
demonstration of viral RNA by
RT-PCR

MM = molecular standard pBR
322/Hinf 1

LV = reference strain Lelystad
K = negative control

1-3 = herd D (1 = PLM from
piglet No. 3;

2 = blood serum of piglet No. 2;
3 = blood serum of sow No. 417
4 = blood serum of boar
No. 5669, herd B

5 = lung suspension of piglet No.
2, herd H

VET. MED. - CZECH, 44, 1999 (10): 289-294



of all the 12 boars used for mating and living in the
herd for various periods. Antibodies to PRRS were de-
monstrated in 11 boars and viral RNK in 2 of them
(Tab. II). PRRS virus was demonstrated in the second
passage of a PLM culture inoculated with blood serum
of the boar No. 5669. The isolate was identified by
RT-PCR (Fig. 1) and IFA. Electrophoresis in agarose
gel identified a PCR product identical in size (394 bp)
with that of the European reference strain Lelystad and
of the products of further four strains isolated in the
herds H and D.

Herd H

Antibodies to PRRS virus were demonstrated in blood
sera of 15 of the 16 sows tested in February 1998 be-
cause of the high early death rates in their litters
(Tab. III). Viral RNA was demonstrated in blood serum
of two of them (Nos. 74 and 73) sampled 7 and 5 days
after parturition, respectively. Moreover, four piglets,
born by a sow other than those shown in Tab. III, were
examined. Two of them were stillborn and two were
killed in extremis. Viral RNA was demonstrated by
RT-PCR in lung tissue samples of all the four piglets
and PRRS virus was demonstrated in the third passage
of the PLM culture inoculated with a lung suspension
of one of the killed piglets. The isolate induced marked
CPE in PLM cultures 48 h after inoculation and its
identity was confirmed by RT-PCR (Fig. 1) and IFA.

Herd D

Increased early death rate and a high number of still-
births were observed in this herd in May 1998. Sero-
logical examination of six gilts purchased from another
farm and seven sows born in the herd revealed antibo-
dies to PRRS in all of them (Tab. IV). Viral RNA was
demonstrated in blood serum in four (Nos. 571, 417,
608, 519) of the seven sows. Moreover, PRRS virus
was isolated in 1st passage of PLM from the sow No. 417
that yielded positive RT-PCR. The identity of the iso-
late was confirmed by RT-PCR (Fig. 1) and IFA.

Antibodies to PRRS virus and viral RNA were dem-
onstrated in blood sera of the three piglets aged two to
five days born by the sows Nos. 597, 601, and 741,
respectively (Tab. V). PLM were obtained by lung lav-
age from the 5-day-old piglet and PRRS virus was iso-
lated in a PLM culture inoculated with this material.
The identity of this isolate was confirmed by RT-PCR
(Fig. 1) and IFA. Moreover, PRRS virus was isolated
from blood serum of the piglet No. 2 killed at the age
of 2 days (Tab. V).

Extended serological examinations demonstrated anti-
bodies to PRRS in 52 of the 56 tested sows. On the
other hand, the antibodies were demonstrated in only
one of the seven boars used in this herd.

VET. MED. - CZECH, 44, 1999 (10): 289-294

DISCUSSION

PRRS was diagnosed in the Czech Republic by se-
rological methods and RT-PCR for the first time in
1995, but the first successful isolation of the causative
agent in cultures of PLM dates to 1996 (Valicek et al.,
1997a). In addition to the four strains of PRRS isolated
within the studies intended to control the spread of the
infection, viral RNA was demonstrated in blood sera of
10 serologically positive of the 250 tested boars
(Valicek et al., 1997b). In 1997, viral RNA was dem-
onstrated in 150 of the 1 310 blood serum samples
collected from sows and boars. RT-PCR was positive
in blood serum of 68 and in semen of 7 of the 307 boars
tested in 1998 (total positive 24.4%). PRRS virus was
demonstrated in 13 of the 35 tested herds (PSikal et al.,
unpublished data). The RT-PCR was based on the am-
plification of the conserved part of the ORF7 genome
encoding viral nucleoprotein. Agarose gel identified
394 bp PCR products in all the positive blood sera and
semen samples as well as in all the five new isolates.
The size of the PCR products corresponded to that of
the European reference strain Lelystad and agreed with
our previous results (Valiek et al., 1996, 1997a). The
rather high number of virologically positive animals is
an alarming evidence that the virus is widespread and
persists for long periods in swine herds. Viraemia in
young animals was reported to last as long as 8 weeks
(Rossow et al., 1998), and the virus was isolated from
semen and from oropharyngeal swabs up to 92 and 157
days after infection, respectively (Christopher-Hen-
nings et al., 1995; Wills et al., 1997).

In 1998, we succeeded not only in the demonstration
of PRRS viral RNA by RT-PCR, but also in repeated
isolations of virus in PLM cultures from three herds. In
the herd B, that was affected by a low pregnancy rate,
the virus was isolated from blood serum of a PCR-posi-
tive boar. The isolation was successful as late as several
months after the onset of signs of infertility at a time
when the low pregnancy rate rate approached again the
average for the previous years.

In the herds H and D, PRRS was manifested by
a high neonatal death rate in piglets. The demonstration
of specific virus antibodies by ELISA and of the viral
RNA by RT-PCR was followed by virus isolation in
cultures of PLM. The virus was isolated from blood
serum of a sow and a piglet and from lung tissue col-
lected from another two piglets. This isolation from the
three piglets, killed immediately after birth and at the
age of 2 and 5 days respectively, has confirmed viral
aetiology of the losses and transplacental transmission
of the causative agent reported earlier by Mengeling et
al. (1994). The monitoring is continued and the effi-
cacy of immunisation of gilts purchased from other
herds and sows after parturition with a live attenuated
vaccine is being tested in the herd D.

Positive results of the serological and virological
examinations in swine herds have demonstrated that
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PRRS virus was circulating in local swine herds and it
was a cause of clinically inapparent infections and in
some cases induced health disorders associated with
economic losses.
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EVALUATION AND OCCURRENCE OF CARCINOGENIC
POLYCYCLIC AROMATIC HYDROCARBONS (PAHs) IN ANIMAL
FEED FACTORIES"

ZHODNOCENI VYSKYTU KARCINOGENNICH POLYCYKLICKYCH
AROMATICKYCH UHLOVODIKU (PAH) VE VYROBNACH KRMNYCH
SMESI

J. Raszyk!, R. Ulrich!, J. Salava?, J. Palac’

]Veterinary Research Institute, Brno, Czech Republic
2District Veterinary Administration, Hodonin, Czech Republic

ABSTRACT: Concentrations of 16 polycyclic aromatic hydrocarbons (U.S. EPA priority pollutants PAHs) were studied in
sedimented dust (n = 30) collected by an electric vacuum cleaner in two animal feed factories in the district of Hodonin in
1995 and 1996. Dust particles below 0.7 mm were analysed. Seven of the studied PAHs are considered to be animal
carcinogens (International Agency for Research on Cancer, 1983), namely benzo(a)anthracene (BaA), chrysene (Chry),
benzo(b)fluoranthene(BbF), benzo(k)fluoranthene (BKF), benzo(a)pyrene (BaP), dibenzo(a,h)anthracene (DBahA) and inde-
no(1,2,3-cd)pyrene (IcdP). The average sum of 16 PAHs for sedimented dust was 752 pg/kg, the average sum of seven
carcinogenic PAHs was 110 pg/kg (14.6% of the total sum of 16 PAHs), and average BaP concentration was 11 pg/kg (10%
of the total sum of 7 carcinogenic PAHs). Of the carcinogenic PAHs chrysene (35.5 pg/kg), benzo(a)anthracene (20.6 pg/kg)
and benzo(b)fluoranthene are prevalent in dust deposits. Of the other studied PAHs phenanthrene (198.5 pg/kg), anthracene
(104.8 pg/kg) and pyrene are dominant. Significantly higher levels of the following five carcinogenic PAHs were found in
animal feed factory K (n = 15) compared with animal feed factory R (n = 15): BaA (K 30.8 pug/kg; R 10.3 pg/kg; p < 0.01),
Chry (K 50.2 pg/kg; R 20.8 pg/kg; p < 0.01), BbF (K 27.3 pug/kg; R 8.8 pg/kg; p < 0.05), BaP (K 15.6 pg/kg; R 5.7 pg/kg;
p < 0.05), and DBahA (K 5.8 pg/kg; R 3.8 pg/kg; p < 0.05). In the other 11 studied PAHs no significant difference was
found between the two animal feed factories. It would be desirable: (1) to perform additional detection and identification of
the sources of carcinogenic PAHs in the animal feed factories; (2) to elaborate a proposal of hygienic limits of PAHs levels
in feedstuffs for farm animals; (3) to offer the data on the levels of carcinogenic PAHs in sedimented dust of animal feed
factories to medical service (preventive and occupational medicine). Most probably, this will be the first data obtained on the
occurrence of carcinogenic PAHs in animal feed factories.

Hodonin district; animal feed factories; dust depositions; polycyclic aromatic hydrocarbons; carcinogens; sources; legislation;
health hazard

ABSTRAKT: V priibéhu let 1995 a 1996 byl na okrese Hodonin ve dvou vyrobnich krmnych smési (VKS) sledovan v sedimen-
tovaném prachu (n = 30), odebraném elektrickym vysavatem z vnitfniho zafizeni, obsah 16 polycyklickych aromatickych
uhlovodikt (U.S. EPA priority pollutant PAHs). Byly analyzovény prachové &istice men3i neZ 0,7 mm. Sedm ze sledovanych
PAH je povaZovéno za Zivodi$né karcinogeny (International Agency for Research on Cancer, 1983), a to benzo(a)antracen
(BaA), chrysen (Chry), benzo(b)fluoranten (BbF), benzo(k)fluoranten (BKF), benzo(a)pyren (BaP), dibenzo(a,h)antracen
(DBahA) a indeno(1,2,3-cd)pyren (IcdP). V sedimentovaném prachu byla zji§t¥na primé&ma suma 16 PAH 752 pg/kg,
primé&rn4 suma sedmi karcinogennich PAH &inila 110 pg/kg (14,6 % z celkové sumy 16 PAH) a prim&rn4 hladina BaP byla
11 pg/kg (10 % z celkové sumy sedmi karcinogennich PAH). V sedimentovaném prachu z karcinogennich PAH pfevladaji
chrysen (35,5 pg/kg), benzo(a)antracen (20,6 pg/kg) a benzo(b)fluoranten. Z ostatnich sledovanych PAH dominuji fenantren
(198,5 pg/kg), antracen (104,8 pg/kg) a pyren (96,0 pg/kg). Ve VKS K. (n = 15), ve srovnani s VKS R. (n = 15), byly
v sedimentovaném prachu zji$t&ny statisticky vyznamn& vy33i hladiny péti karcinogennich PAH, a to BaA (K.: 30,8 pg/kg;
R.: 10,3 pg/kg, p < 0,01), Chry (K.: 50,2 pg/kg; R.: 20,8 pug/kg; p < 0,01), BbF (K.: 27,3 pg/kg; R.: 8,8 pug/kg; p < 0,05),
BaP (K.: 15,6 pg/kg; R.: 5,7 pg/kg; p < 0,05) a DBahA (K.: 5,8 pg/kg; R.: 3,8 pg/kg; p < 0,05). V ostatnich 11 sledovanych
PAH se dvé sledované VKS statisticky vyznamng neodli¥ovaly. Je Z4douci: (1) dohledat a identifikovat zdroje karcinogennich
PAH ve vyrobnich krmnych smé&si; (2) vypracovat navrh hygienickych limitl pro obsah PAH v krmivech pro hospodaiska

* Supported by the Ministry of Agriculture of the Czech Republic (Project RE 5564), the Ministry of Environment of the Czech Republic (Project
GA/1650/93) and the Grant Agency of the Czech Republic (Grants No. 525/96/0924 and No. 525/99/0074).
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zvifata; (3) pfedat poznatky o obsahu karcinogennich PAH v sedimentovaném prachu, odebraném ve vyrobnéch krmnych
smési, 1ékafské sluzb€ (preventivni a pracovni lékafstvi). Pravd&podobné jde o prvni tidaje o vyskytu karcinogennich PAH

ve vyrobnich krmnych smési.

okres Hodonin; vyrobny krmnych smési; sedimentovany prach; polycyklické aromatické uhlovodiky; karcinogeny; zdroje;

legislativa; zdravotni riziko

INTRODUCTION

The dynamics of hazardous pollutants in the envi-
ronment and food chain has been monitored in the Ho-
donin district for more than 10 years. Part of the district
surrounding the city of Hodonin is one of 17 regions
with the most impaired environment in the Czech Re-
public.

In 1997 we evaluated our knowledge of the occur-
rence of heavy metals, chlorinated pesticides and poly-
chlorinated biphenyls in animal feed factories (Raszyk
et al., 1997). Later we published the data on the con-
tents of carcinogenic PAHs on pig and cattle farms
(Raszyk et al., 1998).

Only very little data are available on the occurrence
of PAHs in feedstuffs for farm animals (Dennis et al.,
1991; Lusky et al., 1992; Zavadil and Bukovjan, 1998;
Raszyk et al., 1998; Podlesakova, 1998).

Hygienic limits for PAHs contents in feedstuffs for
farm animals have not yet been defined in the Czech
Republic (Regulation No. 194/1996 by which Act
No. 91/1996 on feedstuffs is implemented).

To date we have not found any data in the literature
on the occurrence of carcinogenic PAHs in animal feed
factories.

The object of our study was to assess the occurrence
of carcinogenic polycyclic aromatic hydrocarbons in
dust depositions on indoor equipments of two animal
feed factories in Hodonin district during 1995 and 1996.

MATERIAL AND METHODS

The occurrence of carcinogenic polycyclic aromatic
hydrocarbons was monitored during 1995 and 1996 in
two animal feed factories in the district of Hodonin.
Analysis of the samples was performed immediately
after their collection in 1995 and 1996 but the process-
ing of results publication was completed as late as in
January 1999.

Brief description of the monitored animal feed factories

Animal feed factory K (AFF K) has been in opera-
tion since 1975. Every year 47 000 tonnes of feed mix-
tures are produced, of which 59% is used for pigs, 30%
for poultry, 10% for cattle and 1% for other farm and
domestic animals.

Animal feed factory R (AFF R) has been in opera-
tion since 1967. Its annual production is 36 000 tonnes
of feed mixtures, of which 50% is used for pigs, 44%
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for poultry, 5% for cattle and 1% for other farm and
domestic animals.

Both monitored animal feed factories were equipped
with similar production technology covering the follow-
ing processes: intake, grinding, dosing, mixing, check-
ing, granulating, and forwarding. All operations are
regulated from a control centre. Hammer crushers and
trough blenders (produced in Pardubice, Czech Repub-
lic) are used. Feed mixtures are produced in loose or
granulated form according to the requirements of the
customers. Granulation is produced by steam (and by
water in AFF R). Fat adding equipment is used in AFF R
only. Imported ingredients (such as soya and fish meal)
represent 10 and 17% of feedstuffs used in factories
K and R, respectively. 90% of the output of both fac-
tories is consumed by farm animals in the district of
Hodonin.

Sampling

Samples of dust deposits were collected by an elec-
tric vacuum cleaner from the indoor equipments of both
animal feed factories (including the production lines).
Vacuum cleaner ETA 418 (produced by Elektro Praga,
Hlinsko, Czech Republic) with electronic speed control
was used. Its suction capacity is characterized as fol-
lows: maximum depression — 1 500 mm Vs, maximum
volume of sucked air — 27 I/sec. Dust was sucked into
a disposable paper bag and then sifted through a 0.7 mm
mesh sieve. Dust particles bellow 0.7 mm, which form
in average 85% of the total collected dust, were used
for analysis. Samples of dust were collected during
1995 and 1996 at approximately 50-day-intervals. Sam-
ples from both factories were always taken on the same
day. A total of 30 samples of sedimented dust, 15 from
each AFF, were examined.

The methods used

The method for qualitative and quantitative determi-
nation of 16 PAHs (U.S. EPA priority pollutants PAHs)
in feed, drinking water, dust depositions, liquid ma-
nure, different soil types and sludge was described in
our earlier paper (Raszyk et al.,, 1998). It included:
usability, principle of the method; devices and chemi-
cals; sample adjustment prior to analysis; procedures;
conditions of GC-MS determination; conditions of
QA/QC and parameters of the method. Therefore we
will only briefly summarize: PAHs are extracted from
modified samples by dichloromethane, coextracts are
separated by gel permeation chromatography and PAHs
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residues are detected by GC-MS technique. Gas chro-
matograph Varian, model 3 400 (Varian, U.S.A.) was
used, connected with mass spectrometer Tracker (Fin-
nigan MAT, U.S.A.) and data station with a Magnum
System software version 2.4. (Finnigan, U.S.A.).

Evaluation of the results

The programme Stat Plus, version 1.01 (MatouSkovéa
et al., 1992) was used for evaluation of the obtained
results. The following indices were used in the assess-
ment: number of the examined samples (n), median,
average, standard deviation, maximum value, and #-test
was used for the assessment of statistical significance.

RESULTS

Contents of 16 polycyclic aromatic hydrocarbons
(PAHs) in sedimented dust collected in animal feed
factories in the district of Hodonin are shown in
Tabs. I, II and III. Average sum of 16 PAHs in sedi-
mented dust was 752 pg/kg, average sum of 7 carcino-
genic PAHs was 110 pg/kg and average level of BaP
was 11 pg/kg. Significantly higher levels of the follow-
ing five carcinogenic PAHs were found in sedimented
dust of the animal feed factory K (n = 15) compared
with the factory R (n = 15):

BaA AFFK 308 pgkg AFFR 103 ughkg p<0.0l1
Chry AFFK 502 pgkg AFFR 208 ughkg p<0.0l
BbF AFFK 273 pugkg AFFR 88 ugkg p<0.05
BaP AFFK 156 pglkg AFFR 57 pugkg p<0.05
DBahA AFFK 58 pugkg AFFR 38 ugkg p<0.05

In the other 11 monitored PAHs the difference be-
tween the two animal feed factories was not significant.

DISCUSSION

The current vacuum cleaner ETA 418, the specifica-
tion of which is described in Material and Methods,
performed well in collecting dust samples. Similar re-
sults were obtained by Colt et al. (1998), who collected
dust from carpets in 15 households by two methods —
using a high-volume surface sampler (HVS) and a cur-
rent vacuum cleaner. In the collected dust 26 pesticides,
10 polycyclic aromatic hydrocarbons and 6 PCB con-
geners were analysed. Data on the contents of the moni-
tored pollutants, obtained by the two above methods,
did not significantly differ. Colt et al. (1998) concluded
that the use of a current household vacuum cleaner
(which was cheap and easy to handle) was suitable for
collecting sedimented dust from indoor surfaces, and
for subsequent epidemiological research.

Hygienic limits for PAHs contents in feedstuffs have
not yet been defined in the Czech Republic. In addition,
the data on PAHs occurrence in animal feedstuffs are
scarce,
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Dennis et al. (1991) made examinations of 27 samples
of rape seeds. Average sum of 12 PAHs was 6.0 pg/kg
of dry matter. Fluoranthene, pyrene and benzo(a)pyrene
are prevalent in rapeseed. Rape oil cake is used predomi-
nantly in cattle nutrition, and to a lesser extent for swine.

Lusky et al. (1992) monitored the levels of ben-
zo(a)pyrene (BaP) in feeds from a region with PAHs
burden (industrial area) and from an unpolluted area.
They examined a total of 60 feed samples (cereals, rough-
ages). Higher PAHs levels in feeds were recorded in
the polluted area. BaP levels in feeds from this area
were in the range 0.05-0.60 pg/kg of dry matter,
0.20-1.20 pg/kg, 0.10-1.20 pg/kg, and 0.10-4.20 pg/kg
of dry matter in cereals, green fodder, silage, hay and
straw, respectively.

Zavadil and Bukovjan (1998) evaluated the contents
of 13 PAHs in hay collected from a locality flooded by
the river Labe and from an unflooded locality. The
authors did not mention the number of examined sam-
ples and PAH levels in hay. They only noted that hay
from the flooded area contained more benzo(k)fluoran-
thene. However, hay from the unflooded area was more
contaminated with most of the monitored PAHs.

Raszyk et al. (1998) examined 12 samples of feed-
stuffs for cattle and swine and recorded the contents of
16 PAHs. In feeds collected on farm in the district of
Hodonin the average sum of 16 PAHs was 208.0 pg/kg;
the average sum of 7 carcinogenic PAHs was 7.0 pg/kg
and the average sum of benzo(a)pyrene was lower than
0.1 pg/kg. Of the 16 monitored PAHs phenanthrene,
anthracene and pyrene were prevalent in feeds.

Podleddkova (1998) evaluated the contents of
12 PAHs in unspecified fodder plants collected in the
Central Bohemian region. She examined a total of 83 fod-
der plant samples from three districts of the above re-
gion. The sum of 12 examined PAHs ranged between
36 and 76 pg/kg. The average content of benzo(a)py-
rene in fodder plants ranged between 1.0 and 1.6 pg/kg.
Phenanthrene, benzo(g,h,i)perylene and chrysene were
the most widely represented in fodder plants of the
12 monitored PAHs.

The above mentioned facts suggest that different
PAHs are dominant in feeds of plant origin collected
in different regions.

Groups of PAHs from different types of environ-
mental samples characterized by alkylated homologues,
prevalence of low or high-molecular PAHs or ratios of
selected pairs of PAHs can be used for differentiation
of major PAHs sources (Staffova et al., 1998).

Atmospheric fall-out of dust particles (on which PAHs
are bound) on plants in the vegetative period is consid-
ered to be the major contamination source of feeds of
plant origin. Our findings also support this fact. The
highest total sum of 16 PAHs in feeds (1 091 pg/kg)
was found in lucerne hay harvested from a field in the
vicinity of a thermal power plant at Hodonin, where
lignite and brown coal are used as a fuel (Raszyk et al.,
1998). Coal-fired power stations in the Czech Republic
especially those which burn brown coal and lignite con-
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I. Concentrations of 16 polycyclic aromatic hydrocarbons (pg/kg)) in dust depositions (n = 30) sampled from the indoor equipment of two

animal feed factories in Hodonin district in 1995 and 1996

Analyte Medi Average Standard deviation Mini Maximum
Na 4.5 29.4 572 23 218.0
Acy 5.0 3.6 2.1 0.1 5.0
Ace 6.5 359 69.3 0.4 329.0
Fl 16.8 36.7 46.1 0.4 208.0
Phe 1775 198.5 153.1 5.0 556.0
An 63.1 104.8 110.0 5.0 399.5
Fa 117.5 123.2 96.0 0.2 335.0
Pyr 61.8 96.0 1185 5.0 570.0
BaA' 16.1 20.6 242 0.2 107.0
Chry* 315 35.5 314 0.2 124.0
BbF* 7.0 18.1 243 03 114.6
BKF* 5.0 8.5 16.0 0.3 90.1
BaP* 5.0 10.6 122 03 49.2
DBahA* 4.9 4.8 34 0.5 17.0
BghiP 5.1 13.7 16.4 0.5 62.6
IcdP’ 5.2 12.3 15.3 0.5 63.0

Symbols and abbreviations used for Tabs. I, II and III:

* animal carcinogens

Na = naphthalene Phe = phenanthrene BaA = benzo(a)anthracene BaP = benzo(a)pyrene

Acy = acenaphthylene An = anthracene
Ace = acenaphthene Fa = fluoranthene
Fl = fluorene Pyr = pyrene

I1. Concentrations of 16 polycyclic aromatic hydrocarbons (pg/kg) in dust dep

feed factory K. in Hodonin district in 1995 and 1996

Chry = chrysene
BbF = benzo(b)fluoranthene
BkF = benzo(k)fluoranthene

DBahA = dibenzo(a,h)anthracene
BghiP = benzo(g,h,i)perylene
IedP = indeno(1,2,3-cd)pyrene

(n = 15) sampled from the indoor equipment of animal

Analyte Median Average Standard deviation Minimum Maximum
Na 5.0 447 76.9 3.1 218.0
Acy 4.8 35 2.1 0.1 5.0
Ace 55 239 39.1 0.9 117.0
Fl 14.0 336 378 0.8 106.0
Phe 194.5 231.4 149.4 44.6 556.0
An 88.5 135.0 124.2 5.0 399.5
Fa 134.0 150.3 91.0 0.2 335.0
Pyr 67.8 86.4 63.2 11.6 259.0
BaA' 24.0 30.8 30.5 0.2 107.0
Chry" 42,0 50.2 342 4.1 124.0
BbF" 18.6 27.3 31.2 03 1146
BKF" 5.0 11.6 222 03 90.1
BaP* 8.2 15.6 15.5 0.3 49.2
DBahA* 48 5.8 42 0.5 17.0
BghiP 8.2 18.5 21.2 0.5 62.6
IcdpP® 12.0 18.6 19.4 0.5 63.0

tribute to the essential PAH sources in the atmosphere
(8rém et al., 1996).

PAHs emitted in the gaseous phase can be absorbed
from the atmosphere into the surface tissues of the above-
ground plant structures, especially when they contain
waxes (Simmleit et al., 1989).

Direct transmission of PAHs from contaminated soil
into plants via the root system was found to be negli-
gible (Goodin and Weber, 1995).
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However, we do yet not know how other compo-
nents of feed mixtures (products of animal origin, or-
ganic and inorganic substances, supplements and pre-
mixes, etc.) are contaminated by PAHs.

According to PAHs levels in sedimented dust from
animal feed factories, we can suggest that these loca-
tions also produce their own "on-site" PAHs sources
(e.g. the use of asphalt as an insulating and jointing
material, wood preservation substances, car transporta-
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I11. Concentrations of 16 polycyclic aromatic hydrocarbons (ug/kg)) in dust dep

animal feed factory R in Hodonin district in 1995 and 1996

(n=15) pled from the indoor equipment of

Analyte Median Average Standard deviation Minimum Maximum
Na 5.0 14.1 19.2 23 68.0
Acy 4.9 3.7 2.1 0.2 5.0
Ace 10.3 4738 90.1 0.4 329.0
FI 16.5 39.9 54.4 0.4 208.0
Phe 127.0 165.5 154.6 5.0 4920
An 336 74.7 87.7 5.0 304.0
Fa 52.1 96.2 96.1 0.2 318.0
Pyr 36.7 105.6 157.8 5.0 570.0
BaA® 7.2 10.3 15 0.2 25.0
Chry* 10.6 20.8 203 0.2 66.0
BbF* 5.0 8.8 7.0 0.3 24.0
BKF* 5.2 5.4 3.8 0.3 156
BaP* 49 5.1 3.9 0.3 13.0
DBahA"* 48 3.8 1.9 0.5 5.0
BghiP 5.4 8.9 9.7 0.5 38.0
IcdP® 5.1 6.1 3.7 0.5 12.0

tion of feed mixture components into the factory and
forwarding of the produced feeds, emissions formed at
combustion of coal in the animal feed factories, etc.).

Comparison made between the data on the contents
of 16 PAHs in sedimented dust from animal feed fac-
tories (752 pg/kg) and the data on PAHs in stable sedi-
mented dust (2 148 pg/kg) and road sedimented dust
(13 143 pg/kg) on pig and cattle farm (Raszyk et al.,
1998) shows that average PAHs concentrations are at
the ratio 1 : 3 : 17. Major sources of PAHs in stable
and road sedimented dust are mentioned in our pre-
vious paper (Raszyk et al., 1998).

No data on the contents of carcinogenic PAHs in
animal feed factories have been found in the literature
to date. Most probably this is the first paper on the
subject.

Data on the contents of carcinogenic PAHs in ani-
mal feed factories can be also used by medical services
(preventive and occupational medicine). However, the
relationship between PAHs contents in sedimented dust
and the environment of animal feed factories remains
to be elucidated. Dust particles below 2.5 pum, present
in the indoor air, on which PAHs are predominantly
bound, deserve particular attention (Srdm, 1998).

The data published by Binkova et al. (1998) have
allowed us to assess the relationship between the
amount of PAH in dust particles inhaled by people
living in the North Bohemian region and in the dust
particles collected in animal feed factories. It can be
concluded from a rough comparison that the content of
PAH in the animal feed factories is relatively low and
probably insignificant from the point of view of pre-
ventive and occupational medicine.
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MICROBIAL CONTAMINANTS OF MILK PROCESSED
BY HIGH-TEMPERATURE SHORT-TIME PASTEURIZATION

MIKROBIALNI KONTAMINACE MLEKA OSETRENEHO
SETRNOU PASTERACI

E. Binderova, D. RySdnek

Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: The aim of the study was to determine whether the high temperature, short-time (next HTST) pasteurization
method can be applied in the production of market milk and to assess the effects of this method on milk quality. Samples of
raw and pasteurized milk were collected repeatedly from four pasteurization facilities in three dairies using the HTST method
of heat processing for the production of curds and cheeses. One part of the samples was processed immediately after their
delivery to the laboratory and the other was examined after 5 days of storage at +6 °C. The examinations included the
determination of total count, psychrophilic and coliform bacteria, mould, yeast, Bacillus cereus and Staphylococcus aureus
counts and the detection of Salmonella sp., Listeria monocytogenes, Escherichia coli, and Escherichia coli serotype O157 : H7.
Standard (ISO) methods were used. The rate of bacterial contamination of raw milk intended for HTST pasteurization,
expressed in terms of total and coliform bacteria counts, is shown in Tab. IA. It is evident that total bacteria counts
considerably exceeded the limits laid down in the EC Regulations No. 46/92 and in recommendations of the Czech Standard
CSN 57 0529. Rather surprising were also the unacceptably high counts of coliform bacteria. The rate of contamination of
raw milk by psychrophilic bacteria, moulds and yeasts is shown in Tab. IB. The counts of psychrophilic bacteria exceeded
the recommendations of Czech Standard (CSN 57 0529) several times. The increased counts of mesophilic aerobic, faculta-
tively anaerobic and psychrophilic bacteria in raw milk tested immediately after withdrawal indicate an unsatisfactory
sanitation regime and varying hygienic conditions upon milk collection, transport and storage in dairies. No limits for mould
and yeast counts have been laid down and therefore the respective data are only illustrative. Tab. IC shows the contamination
of raw milk intended for pasteurization by the major causative agents of foodborne infections. Of great importance is
particularly the contamination by Escherichia coli including the serotype O157 : H7. Salmonellae were undetectable in all
the samples under examination. The contamination by the other pathogenic agents cannot be regarded as dangerous. Data on
bacterial contamination of milk after the mild pasteurization is shown in Tabs. IIA-IIC. Unacceptable psychrophilic and
coliform bacteria counts were found in 14 and 20% of the samples respectively. As can be seen in Tab. IIC, the unacceptable
samples included also those contaminated by Escherichia coli incl. the serotype 0157 : H7. Owing to the bacterial contamination,
the HTST pasteurization is not suitable for the production of market milk. Tab. ITA also shows marked differences among
the dairies and individual samplings indicating the possibility to reduce the contamination rate by observation of technological
rules during the transport, take-over and handling of milk prior to heat processing. Considering the high rate of bacterial
contamination of raw milk immediately before pasteurization, the HTST method of pasteurization cannot be recommended
for the production of market milk in the Czech Republic. A high rate of contamination of raw milk intended for the HTST
method of pasteurization was found, although, in general, the quality of milk purchased from farmers in the Czech Republic
is very good. The HTST method of pasteurization would increase the hazard of foodborne infections and intoxications,
particularly those for which Listeria monocytogenes and strains of serotype O157 : H7 Escherichia coli are responsible. Shelf
life of HTST pasteurized milk would be very short and its sensoric properties unacceptable. Therefore, the HTST method of
pasteurization is not currently used in the production of market milk in the Czech Republic.

milk; pasteurization; microbial contaminants; total count; psychrophilic and coliform bacteria; mould; yeast; Bacillus cereus;
Staphylococcus aureus; Salmonella sp.; Listeria monocytogenes; Escherichia coli; Escherichia coli serotype 0157 : H7

ABSTRAKT: Pfedm&tem studie bylo ovéfit, zda je v sou¥asné dob& moZné v Ceské republice pouZit reZim Setrné pasterace
k produkci konzumniho miéka a jak by tento reZim ovliviioval trvanlivost pasterovaného mléka. Vzorky syrového a pastero-
vaného mléka byly ziskdny opakovanym odbérem ve tfech mlékarnach, na &tyfech pasteranich stanicich, vyuZivajicich reZim
Setrné pasterace pfi vyrob€ tvarohu a syrii. Odebrané vzorky byly rozd&leny na dvé &asti. Jedna &ast vzorki byla zpracovana
ihned po jejich dopravé do laboratofe. Druhd &4st vzorki byla testovdna po skladovéni pfi teplotd +6 °C po dobu p&ti dni.
Mikrobiologické rozbory byly zaméfeny na stanoveni celkovych po&tlii mikroorganismii, podti psychrotrofnich mikroorga-
nismi, koliformnich bakterii, plisni, kvasinek, Bacillus cereus a Staphylococcus aureus a na priikaz bakterii rodu Salmonella,
Listeria monocytogenes, Escherichia coli a Escherichia coli sérotypu 0157 : H7. Vzhledem ke zji§téné vysoké bakteridlni
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kontaminaci syrového mléka bezprostfedné pfed pasteraci nelze v soudasné dob& doporuéit Setrnou pasteraci pfi vyrobé
konzumniho mléka. Vysokd kontaminace syrového mléka urfeného k 3etrné pasteraci byla zaznamenana presto, %e jakost
mléka vykupovaného z farem je velmi dobrd. Pokud by se Setrna pasterace pouZila, vznikalo by riziko alimentarnich infekci
a intoxikaci zejména Listeria monocylogenes a sérotypem O157 : H7 Escherichia coli. Uchovnost Setrn& pasterovaného mléka
by byla velmi kratkodoba a organoleptické vlastnosti findlniho produktu nepfijatelné. Proto se v soutasné dobé Setrna paste-
race k produkci konzumniho mléka v Ceské republice nepouZiva.

mléko,; pasterace; mikrobidlni kontaminace; celkové pocty; psychrofilni a koliformni baktérie; plisn&; kvasinky

UvoD

MiIéko je vhodnym substratem pro rist mnoha pato-
gennich i nepatogennich mikroorganismi. Patogenni
mikroorganismy pfitomné v syrovém nebo nevhodné
pasterovaném mléce mohou byt pfi¢inou alimentéarnich
infekci a intoxikaci, schopnych ohrozit a poskodit zdra-
vi spotfebitel. To se tyk4 obzvla§té imunosuprimova-
nych jedinci a déti (CAST, 1994).

Jakost syrového mléka uréeného pro mlékérenské
oSetfeni a zpracovéni v Ceské republice se stile zvysu-
je. V nejvysSich tridach jakosti (Q a I) bylo v prvnim
&tvrtleti 1998 vyprodukovéano 97,5 % syrového mléka
(Anonym, 1998). Nicméné i syrové mléko s nizkymi
celkovymi poéty mikroorganismu a nizkym poctem so-
matickych bun&€k miZe obsahovat patogenni mikro-
organismy a stat se zdrojem alimentarnich infekci a in-
toxikaci lidi (Steele aj., 1997).

Podle stivajici Ceské legislativy neexistuji zdvazné
limity mikrobiologickych znaku pro syrové mléko uréené
k mlékarenskému o$etfeni a zpracovani. Ceska statni
norma (57 0529) ma pouze charakter doporu¢eni. Pro
pasterované tekuté mlé&né vyrobky jsou zédvaznymi sle-
dovanymi ukazateli celkovy pocet psychrofilnich mikro-
organismti 5.10%ml (m), 5.10%ml (M) a poget koliform-
nich bakterii 1.10%ml (m), 5.10%ml (M) (MZ CR, 1997).

Legislativa Evropské unie stanovi pro syrové mléko
k mlékarenskému oSetfeni a zpracovéani maximdlni li-
mity pro obsah mikroorganismu pfi teploté¢ 30 °C <
100.10%ml a obsah somatickych bungk < 400.10%/ml.
Syrové mléko, pokud nebylo oSetieno do 36 hodin po
pfijeti k mlékérenskému oSetfeni a zpracovéni, nema
mit pred pasteraci vy$¥i pofet mikroorganismi pfi tep-
lot& 30 °C nez 300.10% /ml. V mikrobiologickych znacich
legislativa Evropské unie uvadi pro konzumni mléko
v okamZiku vystupu ze zpracovatelského zdvodu obsah
mikroorganismu pfi teploté 30 °C < 50.10%/ml, Staphy-
lococcus aureus 100/ml (m), resp. 500/ml (M), Salmo-
nella — nulovy obsah v 25 g. Patogenni organismy a je-
jich toxiny nesmi byt pfitomny v mnoZstvich, ktera by
poskozovala zdravi konzumenti.

V poslednim desetileti se klade diraz na Listeria
monocytogenes, Escherichia coli a Bacillus cereus, ne-
bot se uplatiiuji jako pfi¢ina hromadnych nemoci zpi-
sobenych potravinami. Velkou hrozbu pro lidské zdravi
predstavuje alimentdrni onemocnéni listeriézou (Begot
aj., 1997). V prumyslové rozvinutych zemich jsou lis-
teri6zy pficinou jen asi 0,5 aZ 1 % vSech hromadnych
alimentarnich infekci a intoxikaci mikrobialniho ptivo-
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du, maji viak mezi témito onemocnénimi prvenstvi
v procentu mortality, které se odhaduje aZ na 30 %
umrti z celkového poétu onemocnéni (WHO, 1988).
Mezi psychrotrofni mikroorganismy, které mohou vyvo-
lat onemocnéni z potravin, patfi Bacillus cereus (Meer
aj., 1991). Velkou zdvaZnost ma prukaz Bacillus cereus,
nebot produkuje toxiny b&hem ristu v mléce pri teplo-
tach 6 aZ 8 °C (Christiansson aj., 1989). Byla zazname-
nana alimentarni onemocnéni po konzumaci syrového
mléka kontaminovaného sérotypem O157 : H7 Esche-
richia coli (Anonym, 1993).

Zlepsena uroveii chlazeni mléka na farméch a v mlé-
kérenskych zdvodech piinasi zlepSeni kvality mléka,
omezuje rust patogennich bakterii a piisobi inhibi¢né
na mikroorganismy zpusobujici kysnuti. Dlouhodobym
chlazenim se v§ak méni sloZeni mikrofl6ry mléka a do-
minantni nad ostatnimi rody se stava alkaligenni, pfe-
vazné psychrotrofni mikrofl6ra, véetné psychrotrofnich
patogennich mikroorganismi. Tato mikrofléra produk-
ci termostabilnich protedz a lipaz je zdvaZnou pfitinou
organoleptickych vad konzumniho mléka (Shah, 1994).

Vyznamnym prostfedkem pro omezeni rizik souvise-
jicich s kontaminaci syrového mléka patogennimi mikro-
organismy je pasterace. Pasterace minimalizuje moZné
ohroZeni zdravi konzumentu, aniZ by pusobila zavazné
zmény chemickych, fyzikélnich a organoleptickych vlast-
nosti produktu. Tento proces vSak pouze ¢astecné des-
truuje mikroorganismy vyznamné pro jakost konzumniho
mléka a pro jeho dchovnost (Cerf, 1986). S ohledem na
biologickou hodnotu pasterizovanych mlé&nych produkti
se v poslednich letech preferuje Setrny reZim pasterace
(EHS, 1993).

Proto pfedmétem této prace bylo ovéfit, zda je v sou-
asné dobg v Ceské republice moZné pouZit reZim Setrné
pasterace k produkci konzumniho mléka. Déle pak, jak
tento rezim ovliviiuje trvanlivost pasterovaného mléka.

MATERIAL A METODY

Vzorky syrového a pasterovaného mléka byly ziskany
opakovanym odbé&rem (v tydennich intervalech) v mlé-
karnéch, vyuZivajicich reZim Setrné pasterace (IDF, 1984;
Burton, 1986) pfi vyrob& tvarohu a syri. Odebrané vzor-
ky byly rozd&leny na dvé &asti. Jedna &ast vzorku byla
zpracovéna ihned po jejich dopravé do laboratofe, nej-
déle do tfi hodin po odbéru. Druha &ast vzorkl byla
testovéna po skladovani pfi teploté +6 °C po dobu péti
dni za ulelem posouzeni trvanlivosti mléka. Vzorky
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byly do laboratofe transportovany v termobra$ng, v chla-
dovém reZimu.

Mikrobiologické rozbory byly zaméfeny na stanove-
ni celkovych poétd mikroorganismii, poéty psychrot-
rofnich mikroorganismu, koliformnich bakterii, plisni,
kvasinek, Bacillus cereus a Staphylococcus aureus a na
prikaz bakterii rodu Salmonella, Listeria monocytoge-
nes, Escherichia coli a Escherichia coli 0157 : H7.

Celkovy potet mikroorganismi a pocet psychrotrof-
nich mikroorganismii byl stanoven v souladu s CSN
ISO 6610 a dle CSN ISO 6730. K zalévani inokula
byla pouZita pida GTK agar (Merck, Némecko).

Stanoveni po&tu koliformnich bakterii a prikaz Es-
cherichia coli byl proveden podle CSN ISO 5541. Byla
pouZita chromogenni média Chromocult (Merck, Ng&-
mecko). Déle byl pouZit krevni agar, Endo agar a pro
zalévani inokula pfi staveni po&tu koliformnich bakterii
agar VRBL (Merck, Némecko). Pfi identifikaci Esche-
richia coli byl vyuZit Oxitest (Lachema, Ceska repub-
lika) a pro Escherichia coli 0157 Latex test DR 620 H
(Oxoid, Velka Britinie).

Stanoveni po&tu plisni a kvasinek bylo provedeno
v souladu s CSN ISO 6611. Inokulum bylo zalévéno
pudou s kvasniénym extraktem, gluk6zou a chloramfe-
nikolem (Merck, Némecko).

Ke stanoveni po&tu Bacillus cereus byla pouZita CSN
ISO 7932. Objem zkuSebniho vzorku byl o¢kovén na
povrch plotnové agarové pidy MYP (Merck, Némecko).

K prikazu Staphylococcus aureus byl pouZit Co-
lumbia agar (Oxoid, Velka Brit4nie), krevni agar (Hi
media, Indie) a Baird-Parker Agar (Merck, Némecko).
Kvantitativni vySetfeni bylo provedeno podle CSN
ISO 6888. Objem (0,1 ml) zkouseného vzorku byl oko-
vén na povrch tuhé kultiva¢ni pidy Baird-Parker Agar
(Merck, Némecko).

Kvalitativni vySetfeni na pfitomnost bakterii rodu
Salmonella bylo providéno dle CSN ISO 6579. Pro
neselektivni pfedpomnoZeni a vychozi suspenzi byla
pouZita tekutd puda, tlumiva peptonova voda (Merck,
Némecko). Kultura ziskana neselektivnim pomnoZenim
byla inokulovédna do dvou selektivnich tekutych pud,
a to do pudy s chloridem hofe&natym a malachitovou
zeleni podle Rappaporta a Vassiliadise a do pidy se
seleniitanem a cystinem. Kultury byly vyo€kovény na
pevné selektivni pidy Agar s fenolovou Eerveni a bri-
lantovou zeleni (Merck, Némecko) a XLD agar (Merck,
Némecko).

Kultivace Listeria monocytogenes byla provadéna dle
CSN ISO 10560. Vzorek byl inokulovan do pomnoZo-
vaci pidy LEB (Merck, Némecko) a po pomnoZeni
vyotkovéan na povrch selektivni agarové piidy Palcam
(Merck, Némecko). K rychlému prikazu Listeria mo-
nocytogenes ve vzorcich byly pouZity komeréni imunolo-
gické testy Elisa Unique = Listeria (R-Biopharm, N&-
mecko).

U v3ech vzorki byla provedena i pfim4 kultivace na
krevni agar (Hi media, Indie), Columbia agar (Oxoid,
Velka Britanie), Endo agar (Hi media, Indie), Baird-
-Parker agar a Edwards medium (Oxoid, Velk4 Britanie).
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Podezielé kolonie ziskané pii kvantitativnim a kva-
litativnim vy3etfeni byly izoloviny a podrobeny bioche-
mické typizaci a sérologické konfirmaci. Z komercnich
testd byly vyuZiviany API (bioMerieux, Rakousko),
Staphytest (Lachema, Ceska republika), Staphytec plus
test DR 850 (Oxoid, Velka Britanie), Streptotest (La-
chema, Ceské republika), Strep plus kit DR 575 M
(Oxoid, Velka Brit4nie), Oxitest (Lachema, Cesk4 re-
publika), E. coli Latex test DR 620 H (Oxoid, Velké
Britanie), Enterotest (Lachema, Cesk4 republika).

VYSLEDKY A DISKUSE

Stupeii bakteridlni kontaminace syrového mléka urce-
ného k Setrné pasteraci v celkovém po&tu mikroorganis-
mu a po¢tu koliformnich bakterii dokumentuje tab. IA.
Je z ni patrno, Ze celkovy pocet vyrazné piekro¢il limit-
ni hodnotu, a to jak dle Smérnice 46/92 EHS, tak dle
doporu&eni CSN 57 0529. Prekvapujici je zcela nevy-
hovujici poéet koliformnich bakterii.

Vzhledem k tomu, Ze jakost syrového mléka vyku-
povaného v prvovyrobé je velmi dobrd (Anonym, 1998),
nabizi se vysvétleni, Ze k vysoké kontaminaci syrového
mléka dochézi pfi transportu mléka k mlékarenskému
oSetfeni a zpracovani.

Tab. IB dokumentuje kontaminaci syrového mléka
uréeného k pasteraci psychrofilnimi bakteriemi, plisnémi
a kvasinkami. Kontaminace psychrofilnimi bakteriemi
mnohonésobné prekraduje doporugeni CSN (57 0529).
Zvy3eny pocet mezofilnich aerobnich a fakultativné ana-
erobnich i psychrofilnich mikroorganismi v syrovém
mléce (vySetfeném ihned po odbéru) signalizuje nevy-
hovujici sanitatni reZim a kolisavé hygienické podmin-
ky pfi sbéru, svozu a uchovavani mléka pied pasteraci.
Udaje o kontaminaci plisnémi a kvasinkami majf ilus-
trativni charakter nebot limitni hodnoty nejsou pro sy-
rové mléko kodifikovany.

Tab. IC dokumentuje kontaminaci syrového mléka
uréeného k pasteraci hlavnimi ptivodci alimentarnich
infekci. Za zdvaZnou kontaminaci lze povaZovat konta-
minaci Escherichia coli, zejména pak kontaminaci sé-
rotypem O157 : H7. Z tabulky je zfejmé, Ze nebyla
zaznamenéna kontaminace bakteriemi rodu Salmonel-
la. U ostatnich patogeni nelze povaZovat zji§t&€nou
kontaminaci za zavaZnou. Koliformni bakterie a Esche-
richia coli, povaZované dfive pfedev§im za indikator
mikrobiélniho zne&isténi nebo nedostateéné hygienické
praxe, je dnes tfeba hodnotit také jako potencialni zdroj
enteropatogennich a enterotoxinogennich kmenu.

Syrové mléko, infikované Escherichia coli, je Eastou
pfi¢inou hromadnych gastroenteritid i sporadickych in-
fekci na farmach (Padhye a Doyle, 1992). Konzum syro-
vého mléka na farméch a v mlékéarenské vyrobé pfispivé
k Sifeni infekci i vzniku novych bacilonosicu. Acékoli
jsou absolutni poéty t&chto infekci ve srovnani s ostat-
nimi aliment4rnimi infekcemi lidi (Salmonella, Campy-
lobacter) niZ§i, jedn4 se &asto o infekce ohroZujici Zi-
vot pacientli (Coia, 1998). I potraviny s nizkymi podty
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1. Bakteridlni kontaminace syrového mléka uréeného k Setrné pasteraci — Microbial contamination of raw milk intended for HTST pasteuri-

zation
Celkovy poet mikroorganismi’ Celkovy pocet mikroorganismu Koliformni bakterie*
Lokalita' 05{:::,;2 CFU nevyhovuje® CFU nevyhovuje® CFU nevyhovuje’
(.10%ml) pocet® % (.10%ml) potet® % (.10%ml) pocets %
1 8 15-540 4 50 15-540 2 25 1,9->27 8 100
s 2 8 0,87->540 3 38 0,87->540 2 25 1,8-19 8 100
3 5 44-460 5 100 44-460 1 20 1,4->2,7 5 100
4 5 37->540 3 60 37->540 1 20 7,8->2,7 5 100
Celkem’ 26 0,87->540 15 58 0,87->540 6 23 1,4->27 26 100
Limitni hodnota® 30.10* 80.10* 1.10°

Paster’ | Pocet odbéri®> | Psychrofilni bakterie!” (CFU.10%ml) Plisn&'! (CFU.10"/ml) Kvasinky'? (CFU.10%ml)
1 8 5,2->54 0-4,0 0->1,4
B 2 8 0,12->54 0-8,2 0->14
3 5 3,5-440 0-6,4 0,1->1,4
4 5 37->54 0-140 0,1->1,4
Celkem’ 26 0,12-440 0->140 0->1,4
i Staphylococcus Salmonella Listeria Escherichia Escherichia coli
Ps Poée_tz Ect:l;-lelll‘l;b‘ m.utzu: spp monoc.‘_yimgenes coli 0157
odbErd® | (5 101/mi) pozitivni'? pozitivni'? pozitivni'? pozitivni'? pozitivni'?
potet® % poget® % pocet® % pocet§ % pocet® %
c 1 8 0-14 0 0 0 0 1 13 8 100 3 38
2 8 0-3,2 3 38 0 0 3 38 8 100 2 25
3 5 0-4,0 0 0 0 0 0 0 5 100 4 80
4 5 04,0 1 20 0 0 2 40 5 100 4 80
celkem’ | 26 0-14 4 15 0 0 5 19 26 100 13 50

llm:nlity. Znumber of snm‘)lles, 3total count of microorganisms, 4coliform bacteria, *not satisfactory, Snumber, "total, ®limit value, *Pasteur,

lupsychrophylic bacteria, - “moulds, "“yeasts, Iapositive

Escherichia coli sérotyp O157 : H7 jsou pfiCinou he-
moragické kolitidy, hemoragicko-uremického syndro-
mu a trombocytopenie, které predstavuji vaZnou kom-
plikaci infekci €lovéka. Infekéni ddvka je velmi nizka,
uvédi se dokonce dvé buiiky na 25 g potraviny (Wills-
haw aj., 1994). Kmeny enterohemoragické Escherichia
coli, jejichZz hlavnim epidemiologickym reprezentan-
tem je v soucasné dobé sérotyp 0157 : H7, jsou pro
zdravotni nezdvadnost mléka a mléénych vyrobku ze
viech Escherichia coli nejrizikovéjsi, protoZe jejich
pfirodni rezervodr je skot (Ji¢inska a Havlova, 1995).

V syrovém mléce byly kromé& Listeria monocytoge-
nes, Staphylococcus aureus diagnostikovany i Staphy-
lococcus capitis ssp. ureolyticus, Staphylococcus hyicus,
Staphylococcus simulans, Streptococcus mitior, Strep-
tococcus milleri, Enterococcus faecalis, Klebsiella
a Pseudomonas fluorescens.

Bakteridlni kontaminaci mléka po $etrné pasteraci
dokumentuji tab. IIA aZ IIC. Poétem psychrofilnich
bakterii nevyhovuje 14 % vzorki mléka, poltem
koliformnich 20 %. Jak dokumentuje tab. IIC, v nevy-
hovujicich vzorcich kontaminace koliformnimi bakteri-
emi zahrnuje pfitomnost Escherichia coli vEetn& sérotypu
0157 : H7. Zji§téna bakteridlni kontaminace vylucuje
moZnost pouZiti Setrnd pasterovaného mléka k produkci
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mléka konzumniho. Z tab. IIA je patrno, Ze existuji
vyrazné rozdily mezi mlékarnami i mezi jednotlivymi
odbéry. To nasvédéuje redlné moZnosti dosahnout niz-
ké kontaminace dodrZenim technologické kazné pii
transportu, pfijmu a uchovavani syrového mléka pred
pasteraci.

Setrna pasterace vedla k vyraznému sniZeni po&tu
mikroorganismi. Ve srovnani s urovni mikrobidlni
kontaminace syrového mléka byla prokdzéana redukce
celkového po&tu mikroorganismu, psychrofilnich a ko-
liformnich bakterii o tfi aZ &tyfi Fady.

Tab. IIB dokumentujici bakteridlni kontaminaci pas-
terovaného mléka v celkovém pocdtu mikroorganismu,
plisni a kvasinek ma pouze ilustrativni charakter, nebot
limitni hodnoty nejsou stévajici eskou legislativou ko-
difikovény.

Tab. IIC dokumentuje stupeii bakteridlni kontamina-
ce pasterovaného mléka puvodci alimentérnich infekci
a intoxikaci. Kontaminaci Listeria monocytogenes lze
povaZovat za nepfijatelnou, nebot je kodifikovén nulo-
vy nélez v 25 gramech. Za rizikovy je tfeba povaZovat
i ndlez sérotypu 0157 : H7 Escherichia coli. Ostatni
nilezy jsou pfijatelné.

Uchovavini pasterovaného mléka po dobu péti dni
v chladovém reZimu vedlo k enormnimu néristu psych-
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II. Bakteridlni kontaminace Setrn& pasterovaného mléka — Microbial contamination of milk after HTST pasteurization

Psychrofilni bakterie? Koliformni bakterie*
Paster' oggg:gz nevyhovuje’ 4 nevyhovuje’
(CFU.10%ml) CFU.10*/ml)
potet® % pocet %
1 16 0-37 2 13 0->270 3 19
A 2 6 2,8-20 1 17 0->270 2 33
3 5 0-0,38 0 0 0 0 0
4 8 0->5,4 2 25 0->270 2 25
celkem’ 35 0-37 5 14 0->270 7 20
3 m 5.10* 1.10%
limitni hodnota® 5
M 5.10° 5.10
1 2 Celkovy potet mikroorganismi® Plisng!? Kvasinky!!
PN Foliet ol (CFU.10%/ml) (CFU.10"/ml) (CFU.10%/ml)
1 16 0,2->54 0-4,0 0->1,4
B 2 6 3,9->240 0-4,5 0->1,4
3 5 0->5,4 0-2,2 0,1->1,4
4 8 0,2-240 0-4,0 0,1->1,4
Celkem’ 35 0-240 0-4,5 0->1,4
Salmonella Staphylococcus Listeria Escherichia | Escherichia coli
Potet Bacillus spp. aureus monocytogenes coli 0157
Paster! odbird? cereus - —— Y wtivai'? stivai?
(CFU.10%ml) pozitivn| pozitivni pozitivn| pozitivni pozitivni
pocet’ % potet % potet % potet % pocet %
c 1 16 0-2,0 0 0 0 0 2 13 4 25 1 6
2 6 0->14 0 0 0 0 0 2 33 1 17
3 5 0-1,6 0 0 0 0 0 0 0 0 0
4 8 0-2,5 0 0 0 0 1 13 2 25 1 13
celkem’ | 35 0->14 0 0 0 0 3 9 8 23 3 9
'Pasteur, Znumber of pl 3psy hrophylic bacteria, 4coliform bacteria, *not satisfactory, Snumber, "total, *limit value, *total counts of

microorganisms, ©moulds, ! yeasts, “positive

rofilnich i koliformnich bakterii, jakoZ i celkového po&tu
mikroorganismu (tab. IIIA, B). Za zavazné zjisténi je
tieba oznacit ndrist pozitivit Escherichia coli po péti
dnech skladovéni mléka. Vyskyt sérotypu O157 : H7
a Listeria monocytogenes skladovanim nebyl vyrazn&
ovlivnén. Zbyvajici patogeny se po skladovani mléka
nevyskytovaly nebo v malém poctu (tab. IIIC). Nalezy
nékterych sledovanych patogennich mikroorganismii
Listeria monocytogenes, Escherichia coli i Escherichia
coli O157 : H7 nejen v mléce syrovém, ale i v mléce
pasterovaném jsou zdvaZnym problémem. Pfitomné
kontaminanty mohou byt pfi¢inou alimentarnich one-
mocnéni s vaZnym aZ smrtelnym prib&hem.

Vysledky ziskané v nékolika sledovanych lokalitdch
ukézaly na moZnost pfeZivani nékterych rizikovych pa-
togenti v podmink4ch Setrné pasterace. Udaje k proble-
matice rezistence patogennich mikroorganismi k vy3-
$im teplotdm jsou nedostatecné a vysledky nékterych
dil€ich studii se li¥i. Fleming aj. (1985) uvadgji, Ze po
konzumaci pasterovaného mléka muZe Listeria mono-
cytogenes vyvolat onemocnéni. Listeria monocytoge-
nes je intraceluldrni parazit, shromaZduje se a miZe
rist uvniti fagocytl (LukaSov4, 1991). To vedlo n&kte-
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ré pracovniky k nazoru, Ze intraceluldrné lokalizované
listerie jsou chranény vi¢i Ginku pastera€nich teplot
(Doyle aj., 1987). Rizikem je také skuteénost, Ze i mald
mnoZstvi Listeria monocytogenes se mohou v pastero-
vaném mléce v kratké dob& pomnoZit (LukaSova, 1991).

Vysledky ziskané ve sledovanych lokalitich doku-
mentuji zévislost mikrobidlni kontaminace finalniho pro-
duktu i jeho trvanlivosti na mikrobiologické kvalité
vstupni suroviny. PouZiti reZimu Setrné pasterace pfi
produkci konzumniho mléka je podmin&no zpracovanim
syrového mléka lep$i mikrobiologické kvality, nekon-
taminovaného patogennimi mikroorganismy. Z4vislost
mezi vyskytem nékterych patogennich mikroorganismi
a pocty mezofilnich bakterii neexistuje. Mléko je tim
vhodné&j3i substrét pro rist patogennich bakterii a pro-
dukci toxint, ¢im niZ3i je celkovy podet kontaminujici
nepatogenni mikrofléry. V silné kontaminovaném mléce
jsou patogenni mikroorganismy inhibovany nebo usmr-
covany metabolickymi produkty, bakteriociny, antibio-
tiky, lytickymi enzymy nepatogennich mikroorganismu
aj. (Ji¢inska a Havlov4, 1995). Pfi hodnoceni vysledki
mikrobiologického vySetfeni syrového mléka jako vstup-
ni suroviny urfené k Setrné pasteraci lze konstatovat,
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I11. Bakteridlni kontaminace Setrn& pasterovaného mléka po 5 dnech skladovini — Microbial contamination of milk after HTST pasteurization

and storage for 5 days

Psychrofilni bakterie? Koliformni bakterie*
Paster! 0582’:&; ) nevyhovuje’ nevyhovuje’
(CFU.10%ml) CFU.10%ml)
A pocet§ % pocet® %o
A 1 16 0->540 13 81 0->270 10 62
2 6 2,8->5 400 5 83 0->270 5 83
3 8 0,89->540 6 75 0->54 000 7 88
celkem’ 30 0->5 400 24 80 0—>54 000 22 73
Pastr! | Potet odbéri? ey (€U 1o (o i
B | 16 43->5 400 0-8,2 0->1,4
2 6 34->54 000 0 0->1,4
3 8 8,9->5 400 0 0->1,4
celkem’ 30 8,9->54 000 0-8,2 0->1,4
ek Bacillus Salmonella spp. Stap :i lr(:;ccus monl::gf(’;g:nes Escherichia coli Eschecr)i lcgl;a coli
Paster’ odbErt? cereus T ST P ST ReTY
(CFU.10%/ml) pozitivni pozitivni pozitivni pozitivni pozitivni
& podet® % podet® % potet® % podet® % podet® %
1 16 0-1,9 0 0 0 0 2 13 12 75 | 6
2 6 0-6,6 0 0 0 0 0 0 4 66 1 17
3 8 0-0,59 0 0 0 0 0 0 6 75 0 0
celkem’ 30 0-6,6 0 0 0 0 2 7 22 73 2 7

'Pasteur, >number of samples, *psychrophylic bacteria, *coliform bacteria, *not satisfactory, *number, "total, *total counts of microorganisms,

9 10, 11

moulds, "“yeasts, * positive

Ze ve vét¥ing pfipadu se jednalo o mléko hor§i mikro-
biologické kvality (vysoky pocet b&€Zné kontaminujici
mikroflory i vyskyt né€kterych patogennich mikroorga-
nismti), s naslednym negativnim vlivem na mikrobio-
logicky nélez a trvanlivost findlniho produktu.

Soudasny vzrustajici trend vyskytu patogennich mikro-
organismi v mléce i rostouci pocet hromadnych alimen-
tarnich infekci a enterotoxikéz v primyslové vyspélych
statech je spojen s nedostatenou prevenci proti b&€Zné se
vyskytujicim patogenim i se stoupajicim procentem sta-
rych a nemocnych lidi se sniZenou rezistenci k infekcim.

Mikrobialni kontaminace findlniho vyrobku miZe byt
negativng ovlivnéna i rekontaminaci tepelné oSetfeného
mléka, distribuci, skladovanim i zptisobem zachazeni
s mlékem v domécnosti. Z hlediska prevence alimen-
tarnich nékaz je nutné vzit na zfetel tyto skutecnosti pfi
zavadéni novych technologickych postupi, posuzovani
jejich bezpe&nosti i pfi stanovovéni doby trvanlivosti
vyrobku.

Vysledky vySetfeni, zamé&fené na posouzeni trvanli-
vosti mléka po Setrné pasteraci, dokumentuji vyrazny
narist potu mikroorganismi po péti dnech. Vzristd
riziko i v dusledku pfeZivéani a pomnoZovéni patogennich
mikroorganismu. ProdlouZena pétidenni trvanlivost Se-
trn& pasterovaného mléka se jevi z hlediska zdravotni
nezdvadnosti v dané situaci jako zcela nepfijatelna.

O poufziti reZimu Setrné pasterace k produkci kon-
zumniho mléka lze perspektivné uvaZovat pouze v lo-
kalitdch a mlékarn4ch se zavedenym a disledné uplat-
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fiovanym systémem HACCP. K zabezpeceni zdravotni
nezdvadnosti by bylo tfeba rozsifit rozsah laboratorniho
vy3etieni na rizikové patogenni mikrooorganismy. Sle-
dovat nejen findlni vyrobky, ale i surovinu a cely vy-
robni proces véetné svozu. Problémem je také adaptace
a selekce psychrotrofnich variant mikroorganismu,
v&etné patogennich, vlivem dlouhodobého chlazeni.

Zavérem konstatujeme, Ze pfi zjisténé vysoké bak-
teridlni kontaminaci a nédlezu patogennich mikroorga-
nismi v syrovém mléce nelze za dané situace doporu€it
Setrnou pasteraci pfi vyrobé konzumniho mléka. Vyso-
k4 kontaminace syrového mléka ureného k Setrné pas-
teraci byla zaznamenana piesto, Ze jakost vykupované-
ho mléka je v Ceské republice velmi dobra. Pokud by
se Setrna pasterace za stavajici situace pouZila, vznikalo
by riziko alimentarnich infekci a intoxikaci zejména
Listeria monocytogenes a sérotypem 0157 : H7 Esche-
richia coli. Uchovnost Setrné pasterovaného mléka by
byla velmi kratkodob4 a organoleptické vlastnosti final-
niho produktu nepfijatelné. Proto se v soucasné dobé
Setrna pasterace k produkci konzumniho mléka v Ces-
ké republice nepouZiva.
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REVIEW ARTICLE PREHLED

APOPTOSIS OF POLYMORPHONUCLEAR LEUKOCYTES

APOPTOZA POLYMORFONUKLEARNICH LEUKOCYTU
Z. Sladek' D. Rysanek’

'Mendel University of Agriculture and Forestry, Brno, Czech Republic
2Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: Polymorphonuclear leukocytes play the major role in the phagocytary system of defence against bacterial
infection. Their life span is the shortest among all leukocytes. After leaving the blood circulation, they are predestined for
programmed cell death — apoptosis. Unlike necrosis, apoptosis does not induce damage to tissues due to the histotoxic potential
of granules of the polymorphonuclear leukocytes. The review summarizes principal opinions and results of experimental work
on basic morphological, biochemical and genetic aspects of this type of cell death in polymorphonuclear leukocytes, as well
as on factors controlling this process.

programmed cell death — apoptosis; polymorphonuclear leukocyte

ABSTRAKT: Polymorfonuklearni leukocyty hraji hlavni roli ve fagocytdrnim obranném systému jedince proti bakterialnim
infekcim. Jejich Zivotnost je nejkrat$i ze vSech leukocytl, pfi¢emZ jsou po opusténi krevniho fedisté predisponovany k pro-
gramované buné&né smrti — apopt6éze. Apopt6za oproti nekréze zabrafiuje podkozeni tkdn€ histotoxickym potencidlem granuli
samotnych polymorfonukledrnich leukocytl. Review shrnuje zdsadni nézory a vysledky experimentélnich praci o zdkladnich
morfologickych, biochemickych a genetickych aspektech tohoto typu buné&né smrti u polymorfonukledrnich leukocyti i o &i-
nitelich regulace tohoto procesu.

programovana buné&na smrt — apoptéza; polymorfonukleédrni leukocyty

Seznam pouzitych zkratek: PMN — polymorfonukleérni leukocyty; PCD — programované bunééné smrt; PS —
fosfatidylserin; DNA — deoxyribonukleova kyselina; tTG — tkafiova transglutaminaza; ICE - interleukin-1f-konver-
tujici enzym; ER - endoplazmatické retikulum; GM-CSF - granulocyte-macrophage colony-stimulating factor;
G-CSF - granulocyte colony-stimulating factor; NGF — nerve growth factor; TNF-o. — tumor necrosis factor alpha
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1. GVOD

Mnohé buiiky hemopoetického systému, napfiklad
polymorfonukledrni leukocyty, makrofagy a lymfocy-
ty, maji relativné kratkou Zivotnost. Ta se pohybuje od
méné neZ né&kolika dni u krevnich polymorfonuklear-
nich leukocytd aZz po nékolik tydni ¢i mésict u krev-
nich monocyti. Vyvoj téchto bunék je pozoruhodny
tim, Ze jsou produkovény ve vét§im méfitku po celou
dobu Zivota jedince. V této souvislosti je duleZité si
uvédomit, Ze ma-li byt zachovdna homeostiza, musi
byt produkce bunék piesné vyrovnand s jejich destruk-
ci. Proto z hlediska buiiky jako jednotlivce je bunééna
smrt stejn€ vyznamné jako samotny vznik buiiky (Squier
aj., 1995).

Polymorfonuklearni leukocyty (ddle PMN) jsou odpo-
védné piedevsim za obranu téla proti pronikajicim mikro-
organismim a jsou hlavnim druhem bunék ve vétSiné
forem akutnich zanétl, zejména v jejich podatednich
stadiich (Stites a Terr, 1994). Zaroveii pfedstavuji nej-
hojnéjsi granulocyty s nejkrat§im polo¢asem Zivotnosti
ze vSech leukocyti. Jejich Zivotni cykly probihaji ve
tiech regionech: v kostni dfeni (kde dozravaji), v krvi
(kde probiha transport) a ve tkdnich (kde se uplatiiuje
jejich funkce).

PMN se vyvijeji z myeloidnich prekurzori a zraji
v kostni dieni pfibliZné dva tydny. Asi dva dny po do-
sazeni morfologie zralé buiiky opoustéji diapedezi cévy
hemopoetické tkané a cirkuluji v periferni krvi. Jejich
doba cirkulace je 6 aZz 7 hodin (Stites a Terr, 1994)
nebo 6 az 10 hodin (Homburg a Roos, 1996). Poté po
aktivaci a expresi membranovych adhezivnich molekul
adheruji k endotelu kapilar a vystupuji diapedezi pies
endotel do alterované tkané. Vlivem chemotaktickych
latek migruji do mista jejich produkce, kde uplatiiuji
svoji fagocytarni funkci.

Délka piezivani PMN ve tkédni neni zcela znima
a pravdépodobné se pohybuje kolem jednoho dne (Squier
aj., 1999). To plati za fyziologicky normdlni situace,
v piipadé infekci se tato doba sniZuje. PMN po opusténi
krevniho feéi$té migruji v riznych orgdnech a tkénich.
V organech se slizni¢nim povrchem, napriklad v pli-
cich, ustni duting, gastrointestindlnim traktu, jsou ze
slizni¢nich povrchi mechanicky odstraiiovany (Williams
aj., 1990). V misté zanétu podléhaji nekrotickému roz-
padu vlivem negativniho pusobeni toxického prostiedi,
které vznika mimo jiné nisledkem uvolfiovéni histoto-
xického obsahu granuli PMN. Naopak ve zdravé tkani
podléhaji programované bunééné smrti — apoptéze, a to
bez uvolnéni toxického obsahu svych granuli. Timto
mechanismem se omezuje néslednd devastace okolni
zdravé tkané (Cooter aj., 1994; Haanen a Vermes, 1995).

Je tedy zfejmé, Ze se v souvislosti se zminénou smrti
PMN setkdvame se dvéma zékladnimi formami zéniku
téchto bunék: programované (fyziologickd) smrt — apop-
téza a neprogramovana (patologickd) smrt — nekréza.
Vzhledem k tomu, Ze se toto review tykd predevsim
prvniho z nich, programované bun&&né smrti a apoptézy,
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je uZiteCné nejprve vymerzit jejich vyznam a vzdjemny
vztah.

2. PROGRAMOVANA BUNECNA SMRT
A APOPTOZA

Idea, Ze miZe byt smrt programovana je starSi, nez
zaznamenana historie ¢lovéka. Jiz v samotné Bibli (Zalm
90) byla clovéku stanovena délka Zivota 70 let (Squier
aj., 1995). Poprvé byl termin programovana smrt, po-
piipadé programovana bunécna smrt (dale PCD), pouzit
a zaveden autory Lockshin a Williams (1964) u hmyzu,
kde je hormonélng fizena destrukce intersegmentalnich
svalii podminkou realizace vyvojové drahy larva-kuk-
la-imago. Ackoliv je v sougasné dob& s pojmy progra-
movand bunéénd smrt a apoptdza zachazeno jako se
synonymy, kazdy z nich ma svij specificky vyznam.

PCD zahrnuje geneticky program, ktery je fixovany,
a tento typ bunééné smrti je tedy rovnéZ geneticky fi-
zeny a neprobiha ndhodné. PCD nastava v prabéhu vy-
voje organismi, napfiklad pfi eliminaci bunék ocasku
béhem vyvoje pulce v Zibu nebo pii likvidaci rudimen-
tarnich Zaber v prib&hu vyvoje lidského embrya.

Nejprostsim prikladem PCD je proces vyvoje nema-
tody Ceanorhabditis elegans, o niZ vznikl v poslednich
letech mimofadny zdjem (Yuan a Horvitz, 1990; Ellis
aj., 1991; Miura aj., 1993; Yuan aj., 1993; Fernandes-
-Alnemri aj., 1994; Hengartner a Horvitz, 1994; Gumien-
ny aj., 1999, aj.). Na tomto druhu primitivniho &erva je
zajimavé to, Ze jeho télo obsahuje 1 090 bunék, z nichz
pfesné 131 umird b&hem jeho vyvoje. PCD podléhaji
pouze urcité buiiky, které umiraji pouze v ur€itém po-
fadi, u kazdého jedince stejné (Ellis aj., 1991). Smrt
téchto bunék je tedy precizné determinovana v daném
misté a v urditém Case a cely proces je geneticky fizen
(Yuan a Horvitz, 1990). PCD zahrnuje specifické geny
a proteiny, které hraji hlavni roli u umirajicich bunék
(Horvitz, 1999). Na druhé strané jsou vSak v PCD pot-
febné i specifické geny k protekci bunék pied samot-
nou smrti (Metzstein aj., 1998).

U mnohobunéénych organismu probiha PCD vétsi-
nou jako apoptéza. Apoptdza je rovnéZ programovani
bunécna smrt. Pfedstavuje geneticky fizenou sekvenci
morfologickych a biochemickych pochodi. Apoptéza
viak na rozdil od PCD miZe byt vyvolévéna nejen regu-
latory vyvoje organismu, ale také pusobenim toxickych
faktorl a vn&j§imi a vnitinimi signaly (Alison a Sarraf,
1992; Squier aj., 1995).

Shrnuto, PCD piedstavuje oproti apoptéze nesporné
fenomén 8iri, uZ z toho duvodu, Ze nemusi probihat
jako apoptéza.

3. MORFOLOGICKA CHARAKTERISTIKA
APOPTOZY

Morfologické vlastnosti apoptzy bunék popsali ja-

ko prvni Kerr aj. (1972), ktefi se rovnéZ stali autory
jejiho pojmenovani. Morfologicky piedstavuje apopt6-
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za proces, ktery je u vétSiny bunék charakterizovan sé-
rii specifickych, strukturalnich zmén. Mezi tyto zmény
patfi svraSténi bunék, zpénéni cytoplazmatické mem-
brany (zeiosis), kondenzace cytoplazmy a chromatinu
jadra (karyopyknéza) a nakonec fragmentace bunék do
apoptotickych t&lisek (Kerr aj., 1972; Wyllie aj., 1980;
Wyllie, 1981).

Pohlédneme-li na proces apoptézy detailngji (zv14sté
v obraze elektronové mikroskopie), d se konstatovat,
Ze morfologické zmény pfi apoptéze vétSiny bunék pro-
bihaji ve tfech na sebe navazujicich fazich (Kerr aj.,
1972; Wyllie aj., 1980; Wyllie, 1981, 1987, 1992; Sa-
vill aj., 1989a; Yamamoto aj., 1993; Kerr aj., 1994;
Payne aj., 1994; Sasaki aj., 1995; Hiramine, 1997; Hus-
sain aj., 1998).

3.1. Prvni faze

U bunék se nejprve objevuje redukce velikosti jadra.
Chromatin kondenzuje do prsten¢itych nebo do pilmé-
siitych Cepicek, které jsou nejéastéji umistény na pe-
riferii jadra. Transkripni komplexy fibrilarnich center
podléhaji rozkladu. Objem buné&k se sniZuje a buiiky se
svra$tuji pfiblizné o 30 % bunééného objemu a o0 10 %
praméru buiiky (Beauvais aj., 1995). Takto zménéné
buiiky jevi ve svételném mikroskopu intenzivni eosino-
filii s pyknotickym jadrem (Allen aj., 1997). Apoptotické
buiiky ztriceji specidlni povrchové struktury, pseudo-
podia, a ziskdvaji tak sféricky tvar s hladkym povr-
chem. Mimo to dochazi k preruseni bunéénych kontaktii
u apoptotickych bunék v kultufe in vitro. Cytoplazma-
tické organely vSak zlstdvaji kompaktni a jen cisterny
endoplazmatického retikula (dile ER) se mohou dilato-
vat. Dilatované cisterny ER splyvaji s cytoplazmatic-
kou membranou aZ ve druhé fazi, kdy se vytvafi zpénéni
bunééného povrchu. Dilatované cisterny ER mohou
splyvat mezi sebou navzidjem a vytvéfeji tak malé aZ
stfedné velké vakuoly v cytoplazmé (Savill aj., 1989a;
Payne aj., 1994). Stupeii vakuolizace miZe dosahovat
ruzné $ife, velikost vakuol neni konstantni. Napfiklad
u apoptotickych PMN in vitro byly popsiny megava-
kuoly, které zabiraly téméf celou cytoplazmu buiiky
(Payne aj., 1994). Geneze téchto megavakuol spociva
nejpravdépodobnéji v pfimém splynuti oddélenych ve-
zikul pochézejicich z ¢asti ER. Napovida tomu fakt, Ze
mezi Cetnosti vyskytu megavakuol a etnosti vyskytu
dilatovanych cisteren ER byl pozorovan inverzni vztah.
Megavakuoly nebyly pozorovény u apoptotickych PMN
in vivo, ale pouze in vitro. Neznamena to v3ak, Ze u apop-
totickych PMN in vivo megavakuoly nevznikaji, nebot
rychla fagocyt6za apoptotickych bunék makrofagy mu-
Ze vytvorfeni megavakuol zabranit (Payne aj., 1994).
Dal3i zménou ultrastruktury apoptotické buiiky je shro-
méaZdovéni cytoskeletarnich filament do seskupenych
svazkl, ¢asto umisténych paralelng s buné&nym povr-
chem. Ribozomalni partikule vytvafeji polokrystalické
formace. Ostatni bunééné organely zistavaji stile in-
taktni. Mitochondrie nevykazuji Zadné zmény a cyto-
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plazmatickd4 membréna neni propustna pro vitilni bar-
viva (Wyllie, 1981).

3.2. Druha faze

Ve druhé fazi apoptotickych zmén (ktera se miZe
Caste€nd prekryvat s prvni fazi) se objevuje zeiosis bu-
nééného povrchu. S postupujici kondenzaci chromatinu
nastava zkrouceni aZ stoeni jaderné a cytoplazmatické
membrany. Tento stav poskytuje buiikdm pénivy nebo
bublinkovy vzhled (blebbing, ¢asto zvany vnéjsi p&€néni).
Zpénéni cytoplazmatické membrény je nejlépe pozoro-
véno v rastrovacim elektronovém mikroskopu, zvlasté
u bunék s bohatou cytoplazmou (Allen aj., 1997).
U zkroucenych a stofenych apoptotickych bunék, v mis-
tech, kde k sob& pfiléhaji membrany, dochazi k jejich
pferudeni. Jadro se vétSinou rozdéluje a vytvafi samos-
tatné fragmenty kryté dvojvrstevnym obalem (byvalou
karyolemou).

Nakonec se apoptotické buiiky rozdéli do fragmentu
ruzné velikosti, do tzv. apoptotickych télisek, ktera jsou
promptné odstraiiovdna fagocyt6zou. Napiiklad u epi-
telidlni vystelky fagocyt6zou intraepitelidlnimi makro-
fagy (Kerr a Searle, 1973; Walker aj., 1989). U apop-
tézy volnych bunék, napiiklad PMN, hraji dominantni
roli pfi fagocytéze apoptotickych télisek lokalni mak-
rofagy (Walker, 1987; Walker a Gobé, 1987; Savill aj.,
1989a; Yamamoto aj., 1993; Cox aj., 1995; Hussain aj.,
1998, Ishii aj., 1998; Meszaros aj., 1999).

3.3. Treti faze

V této fazi in vivo se obvykle apoptotickd téliska
vyskytuji ve fagosomech a fagolyzosomech fagocytuji-
cich bunék, kde dochézi k progresivni degradaci rezi-
dudlnich jadernych a cytoplazmatickych struktur. Mem-
brany apoptotickych télisek se ztrdceji a bunéiné
organely se stavaji nerozpoznatelnymi. Svym vzhledem
tak pfipominaji typicka rezidualni téliska ve fagocytu-
jicich buiikach. Nékdy miZeme v transmisnim elektrono-
vém mikroskopu spatfit kolem fagocytovanych apoptotic-
kych télisek hladkou linii. Dfivéjsi faze apoptézy bunék
se daji rozpoznat podle jejich sférické kontury a inten-
zivné hyperchromatického, €asto fragmentovaného jad-
ra (Walker, 1987; Walker a Gobé, 1987). Vé&tSina apop-
totickych télisek ve tkani, kterd jsou pozorovina
svételnym mikroskopem, se nachazi pravé v tomto sta-
diu apoptotickych zmén. V kultufe in vitro se tato fize
apoptézy manifestuje rupturou cytoplazmatické mem-
brény, a tim také propustnosti vitdlnich barviv (Payne
aj., 1994). Tato faze apopt6zy se pak oznaluje jako tzv.
sekundarni nekréza. Se sekundéarni nekrézou se setka-
vame rovnéZ in vivo v piipadé, kdy nejsou apoptoticka
téliska bezprostiedn& fagocytovana makrofagy. Téliska
pak podléhaji pozvolnym zménam ultrastruktury, které
se manifestuji pfedev§im zdufenim bunék, ztratou bu-
né¢né integrity a denzity, rozpadem jidra a cytoplaz-
matické membrany a prasknutim a rozptylenim organel
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(Wyllie, 1985; Cummings aj., 1997), coZ mai za nésle-
dek uvolnéni prozanétlivych mediatoru.

Rychlost realizace morfologickych zm&n dokumen-
tuje fakt, Ze apoptotické buiiky jsou ve tkani rozpozna-
telné relativné kratkou dobu, a to pfiblizné &tyfi aZ de-
vét hodin. Diivodem je skutenost, Ze dochazi k jejich
velmi rychlé fagocytéze a nasledné destrukci uvnitf fa-
golyzosomi makrofagi (Arends a Wyllie, 1991; Allen
aj., 1997).

4. BIOCHEMICKA CHARAKTERISTIKA
APOPTOZY

V soucasné dobé existuje relativné mélo informaci
o biochemickych procesech, které se realizuji béhem
apopt6zy bunék. Tato skutednost by nemé&la byt aZ tak
prekvapujici vzhledem k tomu, Ze napiiklad o bioche-
mickych procesech mitézy (oproti genetickym) existuje
rovnéZ velmi malo informaci, navzdory mnohem del3i-
mu obdobi pozndvéni tohoto procesu.

Dalsim nedostatkem je skute¢nost, Ze mnoho bioche-
mickych krokil v procesu apoptézy miZe byt shodnych
s t€mi, které probihaji v jinych bunéénych reakcich.
Tyto kroky je obtiZné od sebe odliSit, a to s pfihlédnu-
tim k jejich zcela jinym dloham.

Vyslovuje se piedpoklad, Ze apopt6za je charak-
terizované specifickymi biochemickymi kroky, které ji
odliSuji mimo jiné od druhého vyznamného typu bunééné
smrti — nekrézy (Wyllie aj., 1980; Trump aj., 1981).
K specifickym biochemickym krokim patfi bezesporu
translokace fosfatidylserinu (Zhang aj., 1997; Krahling
aj., 1999) a fragmentace DNA (Wyllie aj., 1980; Allen
aj., 1997).

4.1. Translokace fosfatidylserinu

Jak jiZ bylo uvedeno, osudem apoptotickych bunék
je promptni fagocyt6za makrofigy a jejich degradace
ve fagolyzosomech, pfi¢emZ jsou apoptotické buiiky
fagocytovany jesté pfed tim, neZ u nich dojde k ruptufe
intaktni cytoplazmatické membrany. Vzhledem k tomuto
faktu by mél program bunééné smrti provést na povr-
chu cytoplazmatické membrany takové zmény, které by
umoznily tyto buiiky rychle rozpoznat a eliminovat. Sa-
moziejmé, Ze se tak i déje a tyto zmény se objevuji
u bunék podstupujicich apoptézu jiZ velmi ¢asné (And-
ree aj., 1990; Fadok aj., 1992; Creutz, 1992; Zhang aj.,
1997; Stuart aj., 1998; van England aj., 1998).

Nedavné studie naznacuji, Ze rozhodujici roli zde
hraje fosfatidylserin (dale PS), zakladni sloZka cyto-
plazmatické membrany, umistény na jeji vnitini vrstvé
(Fadok aj., 1992; Koopman aj., 1994; Martin aj., 1995).
Premisténi (translokace) PS z vnitfni vrstvy na vnéjsi
vrstvu cytoplazmatické membréany lymfocytd, podstu-
pujicich apoptézu, umoZiiuje podle autori Fadok aj.
(1992) a Krahling aj. (1999) poznani téchto bunék mak-
rofagy a jejich nésledné odstranéni fagocyt6zou. Pri
studiu dynamiky apopt6zy, zvIa§té u murinnich a hu-
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ménnich bunék, predstavuje translokace PS relativné
Casny déj (Martin aj., 1995; Stuart aj., 1998). Tohoto
faktu se vyuZiva k detekci apoptézy in vitro pomoci
fluorescein-konjugovaného annexinu V (Koopman aj.,
1994; Zhang aj., 1997; Stuart aj., 1998; van England
aj., 1998). Annexin V pfedstavuje protein, ktery ma
vysokou pfirozenou afinitu k PS, a proto se véiZe s trans-
lokovanym PS, ¢imZ umoZiiuje detekci raného stadia
apoptézy bunék ve tkdni (Martin aj., 1995; Zhang aj.,
1997).

Presto, Ze translokace PS je v nejvétsi mife prostu-
dovéna u transformovanych bung&k, popfipadé u lymfo-
cyti B (Koopman aj., 1994; Homburg aj., 1995; Krahling
aj., 1999) a thymocyti, pfedpoklada se, Ze se realizuje
rovnéZ i u ostatnich druht bunék (Stuart aj., 1998).

Kromé& PS existuji dalSi povrchové molekuly, které
jsou rovné€Z nepochybné dileZité pfi rozpoznani a né-
sledné fagocytoze apoptotickych bun&k makrofagy (viz
nize). Zvlast€ v piipadé PMN pouZivaji makrofagy na
svém povrchu komplex trombospondin-ct, 5 (vitronec-
tin receptor) CD36 (Savill aj., 1989a; Savill aj., 1990;
Haslett aj., 1994). Identifikace, funkce a vyznam dal-
§ich povrchovych molekul apoptotickych bunék v pro-
cesu apoptozy je v souasné dobé prfedmétem studia
(Ren a Savill, 1998).

4.2. Fragmentace DNA

Jedna z nej¢asnéjSich rozpoznatelnych zmén vedou-
cich k ireverzibilni apoptotické buné&né smrti je akti-
vace nelyzosomadlni kalcium-dependentni endonuklea-
zy nasledované fragmentaci DNA (Wyllie aj., 1980).
Presné naCasovani fragmentace DNA vzhledem k trans-
lokaci PS nebylo zpocatku zndmo. V soucasné dobé je
zfejmé, Ze expozice PS se uskuteciiuje jesté pied samot-
nou fragmentaci DNA (Zhang aj., 1997; Stuart aj., 1998).

Fragmentace DNA probiha ve dvou na sebe navazuji-
cich krocich. Nejprve se DNA roz§tépi na pary fragmentl
o velikosti 300 kilobazi, poté na 50 kilobazi zdvoje-
nych fragmentd, a tim se vytvofi useky oligonukleoso-
malni velikosti prerusené v linedrnich dsecich DNA
mezi nukleosomy (Oberhammer aj., 1993). Marginace
chromatinu vu&i obalu jadra pravdépodobné koreluje
s timto prvnim krokem (Earnshaw, 1995) a kandidétni
nukledzou se jevi topoisomerdza II (Earnshaw, 1995).
Mezi nukleosomy téchto fragmenti dojde v druhém
kroku k dal§imu ataku endonukleaz, deoxyribonuklea-
zy I (Peitsch aj., 1993) a deoxyribonukleazy II (Barry
a Eastman, 1993). To ma za nésledek vznik formace
DNA fragmentu o velikosti 180 aZ 200 pért bazi (Mar-
tin aj., 1994).

U PMN bylo oproti thymocytim prokazéino, Ze en-
donukledzy §tSpici DNA jsou na Ca2* a Mg>* nezavis-
1é, nebot fragmentace DNA in vitro probihd v médiu
i pfi nizké koncentraci téchto iontl (Fernandes a Cot-
ter, 1993).

JestliZe je takto fragmentovand DNA separovéna po-
moci agarové gelové elektroforézy a obarvena etidium
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bromidem, muZeme pozorovat v ultrafialovém zafeni
charakteristicky ,,Zebfi¢ek" fragmenti o velikosti 180
aZ 200 péra bazi (Wyllie aj., 1980).

Rychl4, pravidelna fragmentace jaderné DNA je jiZ
dlouho povaZovéna za biochemicky znak apoptézy (Wyl-
lie aj., 1980). Nicméné tento znak neprovazi apopt6zu
vzdy (Collins aj., 1992). Fragmentace mitochondrialni
DNA nebyla u apoptotickych bun&k pozorovana (Mur-
gia aj., 1992).

Pfi nekréze bunék dochézi rovnéZ ke Stépeni jaderné
DNA, ale probiha na drovni degradace histoni, a proto
je vysledkem elektroforézy difuzni skvrna DNA. Dile
jsou nekrotické DNA fragmenty vétsi, a proto je jich
méné&, neZ u apoptotického 3t&peni DNA (Afanas’ev aj.,
1986; Duvall a Wyllie, 1986).

4.3. Kone¢né biochemické znaky apoptozy

U bunék podstupujicich apoptézu jsou zaznamenény
dramatické morfologické zmé&ny, které jsou odpovédné
za alteraci cytoskeletarnich elementi a rozsahlou pro-
teinazovou aktivitu v cytoplazmé (Fesus aj., 1987; Al-
len aj., 1997). Charakteristické buné&né svraSténi neni
jesté zcela vysvétleno, ale zda se, Ze souvisi se ztritou
osmoticky aktivniho chloridu draselného. Nasvéduje
tomu skutednost, Ze se po ztraté bunééné tekutiny ne-
objevuje u apoptotickych bun€k Zadné kompenzacni pro-
sdknuti. DalSi z moZnych vysvétleni pfedstavuje kon-
trakce cytoskeletdrnich elementt, kterd vede-k vzestupu
osmotického tlaku uvnitf bunék s naslednou extruzi bu-
nécné tekutiny do extraceluldrniho prostoru. Rovnéz
zmény v usporadéni cytoskeletarnich struktur apopto-
tické buiiky se budou pravdépodobné podilet na zpéné-
ni plazmalemy (Squier aj., 1995). Cotter aj. (1992) uva-
déji, Ze k fragmentaci bunék do apoptotickych télisek
je potfebny presun mikrofilament, nebot inhibice pre-
sunu aktinovych filament zabrafiuje u riznych bunéc-
nych populaci apoptéze (Martin a Cotter, 1990). Existuji
viak i udaje, Ze inhibice pfesunu aktinovych filament
naopak apoptézu zpusobuje (Kolber aj., 1990).

Skute&nost, Ze apoptoticka téliska nelyzuji in vivo
ma dvé hlavni pfi€iny. Za prvé udrZeni membranové
integrity apoptotickych télisek a za druhé jejich rychlé
rozpoznéni a pohlceni makrofagy (Allen aj., 1997). Podle
autorl Fesus aj. (1991a) hraje v udrZeni membrinové
integrity dileZitou roli enzym tkéfiova transglutamina-
za (déle tTG), ktera se Gcastni na formaci povrchovych
protuberanci a v udrZeni intraceluldrnich komponent
v buiice. tTG je vlastné jednim z néstrojii apoptotické-
ho programu buiiky. Dikazem je jeji zvy3ujici se hla-
dina v buiikiach podléhajicich apoptéze (Fesus aj., 1987;
Fesus a Thomazy, 1988; Piacentini aj., 1991a) a rovnéz
jejf nejvy3si koncentrace v apoptotickych t&liscich (Pia-
centini aj., 1991b). Jakmile se u apoptotickych bungk
za¢nou formovat povrchové protuberance, vzestup tTG
aktivity vede k formaci proteinovych polymeru, které
pak vytvéfeji relativné pevnou strukturu apoptotickych
télisek. Funkci t&chto polymeri je zachovani integrity
apoptotickych té€lisek a zabranéni exocytézy jejich ob-
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sahu do extraceluldrniho prostoru aZ do okamZiku po-
hlceni makrofagy (Fesus aj., 1991a, b).

5. GENETICKA REGULACE APOPTOZY

Apoptéza predstavuje program bunécné smrti, ktery
je zahrnut v procesu programované buné¢né smrti. Na-
sv&d&uje tomu skute¢nost, Ze apoptotické zmény u mno-
ha rozdilnych druhd buné&k probihaji téméf stejné a za-
roveii existuje vyrazna podobnost buné&nych reakci na
mnoho odli$nych iniciatori apoptézy (Squier aj., 1995).
Geneticka regulace apoptézy je v soucasné dobé& netipl-
né& determinovana (Matzstein aj., 1998; Horvitz, 1999).
Avsak, pfi studiu biochemismu apoptézy na molekulér-
ni drovni se genetickymi analyzami prokazaly u hlisti-
ce Ceanorhabditis elegans pozitivni a negativni regulato-
ry apoptozy (Ellis aj., 1991). Jedna se o geny: ced-3,
ced-4 a ced-9, které kéduji proteiny potfebné v hlav-
nim apoptotickém programu C. elegans. Pfitom apop-
t6za je inhibovana produktem genu ced-9, zatimco pro-
teiny kédované geny ced-3 a ced-4 jsou pro realizaci
apoptotického programu nezbytné.

Gen ced-3 predstavuje nejduleZitéjsi gen v procesu
apopt6zy a kéduje protein, ktery je homologni se sav-
&im interleukin-1B-konvertujicim enzymem (dale ICE).
Gen ced-9 kéduje protein, ktery je strukturdlné a funkéné
homologni s bcl-2, s genem, ktery hraje rovn&Z roli
v regulaci apopt6ézy. Gen ced-4 kéduje protein, ktery je
homologni s neddavno objevenym huménnim proteinem
Apaf-1 (Zou aj., 1997; Cecconi aj., 1998). Plati, Ze ICE
negativné reguluje bcl-2, ktery inhibuje apoptézu. K in-
hibici apoptézy potiebuje bcl-2 dalsi apoptézu podpo-
rujici protein Apaf-1 (Wong, 1998).

K nejlépe poznanym sav&im genim uplatiiujicim se
v procesu apopt6zy v soucasné dobé patii zejména bcl-2,
c-myc a p53.

Bcl-2 je jednim ze skupiny geni, které jsou zahrnuty
v regulaci apopt6zy, pfitemZ podporuji pfeZiti bunék,
nikoliv jejich smrt (Korsmeyer, 1994). V posledni dobé
byly identifikovamy bcl-2 pfibuzné geny, napfiklad bax,
bel-xmell, E1B, LMWS5-HL (u viru afrického moru
prasat) a BHRF1 (u viru Epstein-Barrové) (Basu a Hal-
dar, 1998). Bcl-2 protein formuje heterodimer s pro-
teinem bax, ktery jako bcl-2 bax inhibuje apoptézu,
zatimco homodimer bax-bax ji indukuji (Oltvai aj.,
1993). Dal$im ¢lenem této skupiny je anti-apoptoticky
bel-x1 (Boise aj., 1993). U PMN byla zaznamenéna
diferencialni exprese proteini bel-x1 a bax-o pfi induk-
ci a prevenci apoptézy cytokiny. Zatimco indukce
apoptézy PMN pomoci tumor necrosis factor-alfa (déle
TNF-a) je spojena s redukci apopt6zy cytokiny. Zatim-
co indukce apoptézy PMN pomoci tumor necrosis factor
-alfa (dale TNF-a je spojena s redukci exprese anti-
-apoptotického bcl-x1 proteinu, prevence apoptézy PMN
pomoci GM-CSF vede ke sniZeni exprese pro-apopto-
tického bax-o proteinu (Weinmann aj., 1999).

C-myc je spojen s buné&nou proliferaci, nebot jeho
expresi potlacuji riustové faktory (Prendergarst, 1999).
Ztrata téchto ristovych faktori je doprovazena zastave-
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nim ristu a proliferace bunék a nebo indukei apoptézy
u bunék s vysokou expresi c-myc (Hoffmann a Lieber-
mann, 1998; Prendergarst, 1999).

Dal$im rozhodujicim dileZitym genem v indukci
apoptézy je p53. Tento gen mé tzkou spojitost s po-
Skozenim DNA, zvlasté u bunék vystavenych ultrafia-
lovému nebo gamma zafeni. V tomto pfipadé se hro-
madi p53 protein a bun&¢nd proliferace je zastavena
v G1 fazi buné¢ného cyklu (Amundson aj., 1998; Choi-
sy-Rossi aj., 1998). Tento mechanismus poskytuje buii-
kam &as pro opravu poskozeni DNA. Nedojde-li k rea-
lizaci zdafilé opravy DNA, buiiky podstupuji apoptézu
(Steele aj., 1998; Mercer, 1998; Kaelin, 1999).

Stejny sled a funkce genti kédujicich proteiny pro-
gramované bunécné smrti u vySe zminénych nematod
a savcl naznaluji, Ze apopt6za mé evoluéné velmi sta-
ry pivod. Tomu rovnéZ odpovida i skuteCnost, Ze jak
Cervi, tak savci pouZivaji podobny mechanismus selek-
tivniho odstrafiovani bun&k (Kiechle a Zhang, 1998).
Nicméné&, mechanismus programované buné&né smrti
savcl je nepomérné sloZité€jsi neZ u nematod. Od doby
poznéni podobnosti mezi genem ced-3 a ICE, bylo na-
vic identifikovano devét protedz vztahujicich se k ICE
(Wong, 1998). Cela tato skupina proteini dostala tri-
vidlni nazev: caspaza (Cohen, 1997); podrobngji refe-
ruji Wong (1998), Porter a Janicke (1999) a Salvesen
(1999).

6. OSUD EXTRAVAZALNICH PMN

Jak jiz bylo uvedeno v tvodu, k zachovani rovno-
véazného stavu v krvi je denni vysoka produkce novych
PMN vyviZena jejich migraci do tkani téla. Zralé PMN
jsou napiiklad u &lovéka vyplavovany z kostni diené
v relativné obrovském poctu, a to priblizné 10 miliéna
za minutu (Cotter aj., 1990). Proto je nezbytné, aby
z krve PMN vystoupily do tkéni, a tak byl v relativné
kritkém Case pocet bun€k v krvi vyrovnan (Fliedner
aj., 1964; Aune aj., 1967).

PMN obsahuji ve svych granulich velké mnoZstvi
Ciniteld, jeZ maji potenciél k ni¢eni patogeni. Mezi ty-
to &initele patfi lyzozym, laktoferin, defenziny, katep-
sin G, myeloperoxidéza, peroxid vodiku, superoxidovy
a hydroxylovy radikél a dal3i (Stites a Terr, 1994). Z4-
roveii vSak uvedeni Cinitelé ni¢i samotnou tkafi a podi-
leji se na tvorbé chemotaktickych proteinu (Vartio aj.,
1981).

Zejména ve zdravé tkdni podléhaji PMN apoptéze
provazené charakteristickymi morfologickymi a bioche-
mickymi vlastnostmi (Savill aj., 1989a; Grigg aj., 1991;
Savill aj., 1992; Yamamoto aj., 1993; Cox aj., 1995;
Hussain aj., 1998; Ishii aj., 1998). Pfitom dochézi u apop-
totickych PMN i ke sniZeni intenzity bun&&nych funkci
(Haslett aj., 1991; Whyte aj., 1993; Narayanan aj., 1997).
Tato redukce funkce je vyznamnym ¢initelem regulace
zénétlivého procesu, nebot apoptotické PMN ztraceji
kapacitu k vytvéfeni a uvoliiovéani histotoxickych pro-
dukti. Existuje tedy pfima souvislost mezi apoptézou
a ztratou celé fady fundamentalnich funkci PMN jako
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jsou chemotaxe, fagocytéza, degranulace a respiraéni
vzplanuti (Squier aj., 1995). Tyto morfologické a bio-
chemické, pro apoptézu PMN specifické, vlastnosti by-
ly in vivo u PMN poprvé pozorovany v pribéhu akut-
niho zdnétu kloubu (Savill aj., 1989a), déle v plicich
novorozenct (Grigg aj., 1991), pfi zan&tech ledvin (Sa-
vill aj., 1992), pfi experimentaln& indukované peritoni-
tidé mor&at (Yamamoto aj., 1993), pfi experimentalné
indukované pneumonii potkani (Cox aj., 1995; Hus-
sain aj., 1998; Ishii aj., 1998), v modelu experimental-
niho poranéni u potkani (Meszaros aj., 1999) a rovnéz
v dutinovém systému juvenilni mlééné Zlazy skotu
(Sladek a Rysanek, 1999).

7. ODSTRANENI APOPTOTICKYCH PMN
MAKROFAGY

Odstrafiovani nepotfebnych PMN ze zdravé tkand
i z mista z4nétu bez uvoln&ni ¥kodlivého obsahu granuli
je pfi&itano lokdlnim makrofagiim. Na tento fakt upozor-
nil pfed vice neZ sto lety jako prvni Me&nikov (1891).
V misté experimentélné indukovaného zénétu pozoro-
val makrofagy obsahujici zbytky fagocytovanych PMN.
Newman aj. (1982) rozsifili toto pozorovani demon-
straci, Ze z monocyti odvozené makrofigy a makrofa-
gy zanétu rozpozndavaji a pohlcuji staré, nikoliv Cerstvé
krevni PMN. Nasledné Savill aj. (1989a) udévaji, Ze
fagocytéza starych PMN makrofigy vysoce koreluje
s vyskytem apopt6zy u PMN.

Tyto skuteEnosti vyvolavaji zajimavou otdzku, a to:
jak poznaji makrofagy, Ze PMN jsou apoptotické a pro-
to jsou zralé pro fagocytézu? Rozpoznani a néslednd
fagocytéza apoptotickych PMN vyZaduje zapojeni re-
ceptort makrofagu k ligandam umisténym na cytoplaz-
matické membréané apoptotickych PMN (Savill, 1992).
Za rozpoznani a naslednou fagocytézu apoptotickych
PMN se zdaji byt odpovédné viceré receptory umisténé
na povrchu fagocyti (Savill, 1997). Pro rozpoznavani
apoptotickych PMN makrofdgy a jejich parovani s li-
gandami PMN byly popsény tfi z téchto receptori. Jsou
to pary receptor-liganda: lektin, integrin, specificky lipi-
dovy receptor a ,,scavenger" receptor (Fadok aj., 1998).
Ackoliv nejsou v soutasné dobé plné charakterizovény,
lektin demonstruje specifitu pro monosacharidy, zahr-
nujici A-acetylglukosamin nebo glukosamin (Duvall aj.,
1985; Savill aj., 1989b). Integrin prezentuje komplex
podle vieho sloZeny z CD36 (Puente-Navazo aj., 1996)
a z o, Bs-integrinu specifického pro vitronektin (Savill
aj., 1990). Lipidovy receptor je specificky pro fosfati-
dylserin (Ramprasad aj., 1995). Proto po translokaci PS
dochazi ke ztraté normalni membranové asymetrie, coZ
vede k rozpoznéni apoptotickych PMN specifickym PS
receptorem; podrobné referuje Savill (1997).

8. MODULACE APOPTOZY PMN

Apoptéza PMN je indukovana stimuly, které spous-
t&ji intraceluldrni reakce, jeZ pak rezultuji v tento cha-

VET. MED. - CZECH, 44, 1999 (10): 309-320



rakteristicky typ bun&né smrti. Na druhé strané vSak
existuji inhibitory apopt6zy, které alteruji apoptoticky
program, a tim prodluZuji PMN Zivot. Je tedy zfejmé,
7e délka Zivota PMN ve tkani bude velmi izce spjata
s pusobenim téchto faktort.

JiZz zmin&n4 existence induktort a inhibitori apop-
tozy PMN naznacuje nejen moznost regulace délky Zi-
vota téchto bunék, ale rovnéZ i moZnost regulace po-
méru obou typi smrti PMN ve tkani. Pro zdvaZnost
vyuZiti regulace apopt6zy PMN, zvlasté v terapii zané-
tu, je v soucasné dobé velmi intenzivné studovana.

8.1. Inhibice apoptézy PMN

Aktivni Zivot PMN ve tkdni muZe byt prodlouZen
(Lee aj., 1993). Tato prolongace Zivotnosti napfiklad
poskytuje ¢as pro rekrutované monocyty, které jsou ne-
aktivované, a proto je$té neschopné fagocytovat apop-
totické PMN, a to aZ do doby jejich diferenciace ve
fagocytarné kompetentni makrofagy (Newman aj., 1982;
Savill aj., 1990).

Mezi nejdileZitéjsi inhibitory apoptézy PMN patii
napiiklad ristové faktory, cytokiny, bakteridlni produkty,
zmény mikroenvironmentu tkéng, imunitni komplexy aj.

Z rustovych faktorli se na inhibici apoptézy PMN
podili zejména granulocyt-macrophage colony-stimula-
ting factor (GM-CSF), a to jak u spontinni apopt6zy
PMN (Brach aj., 1992; Colotta aj., 1992; Cox aj., 1992;
Hu a Yasui, 1997; Tortorella aj., 1998), tak i u apop-
tozy PMN indukované ozafenim (Sweeney aj., 1997,
1999). Mimo to inhibuje produkci reaktivniho kysliko-
vého systému, ktery indukuje apoptézu PMN (Fanning
aj., 1999).

Dal$imi ristovymi faktory s inhibiénim d¢inkem na
apoptézu PMN jsou granulocyte colony-stimulating
factor (G-CSF) (Cox aj., 1992; Yamamoto aj., 1993;
Hu a Yasui, 1997; Ertel aj., 1999; Fanning aj., 1999)
a nerve growth factor (NGF) (Kanan aj., 1992).

Nejen ristové faktory kontroluji bun&&nou prolife-
raci a maturaci, ale rovnéZ cytokiny se vyznamné po-
dileji na prolongaci Zivotnosti PMN. Mezi nejduleZit&jsi
z nich patfi interleukin-2, interleukin-6, interleukin-8,
interleukin-1p a y-interferon (Colotta aj., 1992; Gomez
aj., 1998; Leuenrot aj., 1998; Xing aj., 1998; Caswell
aj., 1999).

Z bakteridlnich produkil byl zaznamenan inhibiéni
ucinek lipopolysacharidu na sponténni apoptézu PMN
in vitro (Haslett aj., 1991; Colotta aj., 1992; Yamamoto
aj., 1993; Watson aj., 1997) a in vivo (Yamamoto aj.,
1993; Watson aj., 1997), a rovn&% na ozafenim induko-
vanou apoptézu PMN in vitro (Sweeney aj., 1997).

Mikroenvironment tkiné, popfipadé zanétu, se vy-
znamnym podilem t¢astni na prodlouZeni Zivota PMN.
Napfiklad hemoragie nebo endotoxemie prokazateln&
oddaluji apoptézu PMN (Parsey aj., 1999), stejné tak
jako pfitomnost enterotoxinu Staphylococcus aureus ve
tkani (Moulding aj., 1999). Rovné&Z niZ§i pH oddaluje
néstup apoptézy PMN (Leblebicioglu a Walters, 1999).
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Yamamoto aj. (1992) uvadéji, Ze sérum (zv14st€ jeho
frakce bohaté na globulin) potlatuje in vitro karyopykné-
zu PMN a jejich ingesci makrofiagy u moréat. Gambe-
rale aj. (1998) dale dopliiuji vliv n&kterych druhi imu-
nitnich komplext (napfiklad horkem agregovany IgG
a né&které rozpustné imunitni komplexy) na oddéleni
apoptézy PMN.

8.2. Indukce apoptézy PMN

Jak jiZ bylo uvedeno, v mist& zanétu i ve zdravé tka-
ni musi dojit k odstrafiovani pfebyte¢nych PMN. Potla-
Ceni desintegrace PMN nekrézou je zprostfedkovano
apopt6zou. Mezi nejduleZit&jsi induktory apoptézy pat-
fi cytokiny, imunitni komplexy, nékteré bakterie a viry,
podminky pH mikroenvironmentu tkanég aj.

Cytokiny indukujici apopt6zu jsou zastoupeny ze-
jména TNF-a (Colotta aj., 1992; Takeda aj., 1993; Ya-
mashita aj., 1999) a interleukin-10 (Cox, 1996; Keel
aj., 1997; Cassatella, 1998). TNF-o. mimo jiné u PMN
rovnéZ indukuje intracelularni produkci reaktivniho kys-
likového systému (peroxid vodiku, kyslikovy anion
a hydroxylovy radikal), ktery indukuje apoptézu PMN
(Oishi a Machida, 1997; Rollet-Labelle aj., 1988; Ya-
mashita aj., 1999).

SraZené imunitni komplexy a antigenem pokryté eryt-
rocyty stimuluji apoptézu PMN (Gamberale aj., 1998).

Opsonizovana a neopsonizovana bakterie Escherichia
coli akceleruje apoptézu PMN (Colamussi aj., 1999)
v kontrastu s jejim produktem lipopolysacharidem, ktery
naopak apopt6zu PMN oddaluje (viz vy$e). Leukotoxin
Pasteurella haemolytica indukuje apoptézu PMN in vitro
(Stevens a Czuprynski, 1996) stejné jako Haemophilus
sommus (Yang aj., 1998). Mycobacterium leprae akce-
leruje apoptézu PMN tak, Ze pfi stimulaci touto bakterii
PMN secernuji interleukin-8 a TNF-o (Oliveira aj.,
1999). Z virt se na akceleraci apoptézy PMN podileji
napfiklad influenza A virus (Colamussi aj., 1999).

Zmény pH mikroenvironmentu tkané& rovnéZ vyznam-
né ovliviiuji apoptézu PMN. Podle autorii Leblebiciog-
Iu a Walters (1999) podléhaji po kultivaci in vitro PMN
apoptéze v prokazatelné vét§i mife v zéasaditém pro-
stiedi, neZ v kyselém prostfedi. Kyselé prostiedi vSak
také negativné ovliviiuje fagocytézu apoptotickych PMN
makrofagy (Haslett aj., 1994).

Cinitelé indukce a inhibice apoptézy, jejich Eetnost
a vzéajemné interakce vyvolavaji pfedstavu sloZitého
systému, ktery nelze jednoduSe popsat. Proto informace
shrnuté v této kapitole jsou jen ilustrativni.

9. ZAVER

O apoptéze buné€k myeloidni fady byly za posled-
nich deset let publikovany stovky praci. Nejen po&et,
nybrZ i §ife studia tohoto vyznamného biologického fe-
nomenu neumoZiiuji pojednat tuto problematiku v ce-
1ém rozsahu. Proto toto review zamé&fuje pozornost na
apoptézu PMN. Apopt6za PMN in vivo byla dosud stu-
dovéna na klinickém materiélu ¢lovéka a experimental-
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nich modelech zvifat zejména se zamé&fenim na moz-
nosti ovlivnéni rezoluce zanétu. Tento aspekt je natolik
zévazny, Ze by mél byt zahrnut do experimentalnich
praci zaméfenych na patogenezi zdnétu mlécné Zlazy
skotu.
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&ast by neméla obsahovat teoretické zavéry ani dedukce, ale pouze
faktické nalezy.

Diskuse obsahuje zhodnoceni prace, diskutuje se o0 moZnych nedo-
statcich a vysledky se konfrontuji s idaji publikovanymi (poZaduje se
citovat jen ty autory, jejichZ price maji k publikované praci bliZsi
vztah). Je pfipustné spojeni v jednu kapitolu spolu s vysledky.

Literatura citovand v textu prace se uvadi jménem autora a rokem
vydani. Do seznamu se zafadi jen publikace citované v textu. Citace
se fadi abecedn& podle jména prvnich autord.

Kli¢ova slova maji umoZnit vyhledani price podle sledovanych
druhi zvifat, charakteristik jejich zdravotniho stavu, podminek jejich
chovu, latek pouZitych k jejich ovlivnéni apod. Jako kli¢ova slova
neni vhodné pouZivat terminy uvedené v nadpisu préce.

Na zvlaStnim listé uvadi autor plné jméno (i spoluautoril), akade-
mické, védecké a pedagogické tituly a podrobnou adresu pracovisté
s PSC, &islo telefonu a faxu, popf. e-mail.
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INSTRUCTIONS FOR AUTHORS

Original scientific papers, short communications, and selectively
reviews, that means papers based on the study of technical literature
and reviewing recent knowledge in the given field, are published in
this journal. Published papers are in Czech, Slovak or English. Each
manuscript must contain a short or a longer summary. The journal
also publishes readers’ views, remarks and comments in form of a text
in italics, gloss, letter to the editor, short contribution, review of a ma-
jor article, etc., and also experience of stays in foreign countries,
meetings and conferences.

The authors are fully responsible for the originality of their papers,
for its subject and formal correctness. The authors shall make a writ-
ten declaration that their papers have not been published in any other
information source.

The board of editors of this journal will decide on paper publica-
tion, with respect to expert opinions, scientific importance, contribu-
tion and quality of the paper. The editors accept papers approved to
print by the head of the workplace or papers with all the authors’
statement they approve it to print.

The extent of original papers shall not exceed ten typescript pages,
including tables, figures and graphs.

Manuscript should be typed on standard paper (quarto, 30 lines
per page, 60 strokes per line, double-spaced typescript). A PC diskette
with the paper text or graphical documentation should be provided
with the paper manuscript, indicating the used editor program. Tables,
figures and photos shall be enclosed separately. The text must contain
references to all these annexes.

The title of the paper shall not exceed 85 strokes and it should
provide a clear-cut idea of the paper subject. Subtitles of the papers
are not allowed either.

Abstract. It must present information selection of the contents and
conclusions of the paper, it is not a mere description of the paper. It
must present all substantial information contained in the paper. It shall
not exceed 170 words. It shall be written in full sentences, not in form
of keynotes and comprise base numerical data including statistical
data.

Introduction has to present the main reasons why the study was
conducted, and the circumstances of the studied problems should be
described in a very brief form. This introductory section also provides
information why the study has been undertaken.

Review of literature should be a short section, containing only
literary citations with close relation to the treated problem.

Only original method shall be described, in other cases it is suffi-
cient enough to cite the author of the used method and to mention
modifications of this method. This section shall also contain a descrip-
tion of experimental material and the method of result evaluation.

In the section Results, which is the core of the paper, figures and
graphs should be used rather than tables for presentation of quantita-
tive values. A statistical analysis of recorded values should be sum-
marized in tables. This section should not contain either theoretical
conclusions or deductions, but only factual data should be presented
here.

Discussion contains an evaluation of the study, potential shortco-
mings are discussed, and the results of the study are confronted with
previously published results (only those authors whose studies are in
closer relation with the published paper should be cited). The sections
Results and Discussion may be presented as one section only.

References in the manuscript are given in form of citations of the
author's name and year of publication. A list of references should
contain publications cited in the manuscript only. References are listed
alphabetically by the first author's name.

Key words should make it possible to retrieve the paper on the
basis of the animal species investigated, characteristics of their health,
husbandry conditions, applied substances, etc. The terms used in the
paper title should not be used as keywords.

If any abbreviation is used in the paper, it is necessary to mention
its full form at least once to avoid misunderstanding. The abbrevia-
tions should not be used in the title of the paper nor in the summary.

The author shall give his full name (and the names of other colla-
borators), academic, scientific and pedagogic titles, full address of his
workplace and postal code, telephone and fax number, or e-mail.
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