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Anotacija

Meticillin-rezistentais Staphylococcus aureus (MRSA) ir viens no galvenajiem
nozokomialo infekciju izraisitajiem daudzas attistitas pasaules valstis. IpaSam riskam ir
paklauti gados vecaki cilveki, kirurgisko un intensivas terapijas nodalu pacienti. S. aureus
citu patogénu vidi izcelas ar tam piemitosu virulenci, sp&ju izraisit virkni dazadu dzivibai
bistamu infekciju un atri pielagoties apkartgjas vides izmainam. Seviski jauzver HI - MRSA
celmu rezistenci pret daudzam antibiotikam, kas apgritina un sadardzina terapiju. P€dgjos
gados tas ir paradijies ari Latvija, tadél ir nepiecieSama molekulari epidemiologiskas
informacijas analize, kas var€tu palidzet izstradat zinatniski pamatotu infekciju kontroles
politikas planu plasa profila stacionara.

Galvena un bitiska atSkiriba starp meticilinjutigiem un meticilinrezistentiem S. aureus
ir ta, ka pedgjie satur hromosoma integrétu génu kaseti SCCmec (staphylococcal
chromosomal casette mec), kura centralais elements ir mecA géns, kas nodro$ina saimnieka
rezistenci pret visiem B-laktamiem. Ir izdaliti pieci strukturali atSkirigi SCCmec tipi un dazi
apaksvarianti, kas atkariba no tipa satur virkni ar patogenitati un rezistenci saistttu génu.
Sie rezistences géni nodro§ina S. aureus izdzivosanu ne tikai antibiotiku klatb@itng (piem.
aminoglikozidi un makrolidi), bet ar1 pie citiem nelabvéligiem faktoriem vidé (piem.
smagiem metaliem). Papildus S. aureus celmi ir sp&jigi producét vismaz dalu toksinu no
visai plaSa stafilokoku toksinu arsenala. No toksiniem 1pasi jaizce] PVL un TSST, kuri, it
pasi pirmais, kopa ar IV tipa SCCmec ir sadzivé iegiita MRSA (SI-MRSA) molekularie
markieri. Misu sakotn&jie rezultati norada, ka SIA-MRSA celmi ir nonakusi arT Latvija un
tiem biitu japievers pasa uzmaniba.

Lai apzinatu situaciju Latvija un veiktu efektivus un zinatniski pamatotus pasakumus
MRSA izplatibas ierobeZoSanai, ir nepiecieSams noteikt miisu valsti esoSo MRSA klonalo
piederibu, noteikt to kliniski svarigos patogenitates faktorus un veikt molekulari

epidemiologiskos pétijumus.



Annotation

Methicillin-resistant Staphyloccus aureus ( MRSA) is one of the most important
cause of nosocomial infections in many developt countries of the world. In particular it is
risc of infection for elderly peaple and patients of surgical and intensive care facilities.
Among other pathogens S.aureus is distinguished for its virulence factors, capability to
stimulate infections dangerous for the life of human and capability to adjust to the changes
of the environment. Especially has to be highlighted the resistance of hospital aquiered
strains of S aureus to many antibiotics, that raise the costs of the hospitlal and burden the
treatment of MRSA patients. Strains of methicillin-resistant Staphyloccus aureus have
become increaslingly common in the hospitals of Latvia, therefore the analysis of
moleculary epidemiological information is necessary for help for the development the
scientificaly valid plan of the strategy of infection control for prevention of MRSA
infections in multiprofile hospitals.

The main and essential diference between methicillin-susceptible and methicillin-
resistant S. aureusis that MRSA possess intrinsic resistance to methicilin due to
chromosomaly integrated staphylococcal chromosomal casette SCCmec, where chromo-
somal mecA gene is the central component, that insure the resistance of the host strain
resistance against -lactam antibiotics. Five different SCCmec types and several subtipes are
disscovered to date, that dependently of the type carry different resistance and virulence
genes. These resistance genes ensure the survival of the S. aureus not only in the presence
of the certain antibiotic (for example aminoglycosides and macrolides) but also in other
inimic conditions of enviroment (for example, salts of the heavy metals).

In addition S. aureus strains are able to produce at least part of toxins from wide
amory of the toxins. From the toxins produced by MRSA especially has to be highlighted
PVL and TSST toxins, especially the first one, that in conjunction with 1V type SCCmec, is
community aquiered S aureus molecular marker. Our primary results indicate that
community aquiered S aureus strains are find in Latvia and to them has to be payed
particular attention.

To study the situation in Latvia and manage effective and scientific based
arrangements for prevention of spred of MRSA, it is necessary to establish the clonal
possession of MRSA strains spread in Latvia, to establish their main factors of pathogenity

and carry out moleculary epidemiological investigations.
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DARBA LIETOTIE SAISINAJUMI

aArc C — houskeeping géns

arok — houskeeping géns

AST — antimikrobialas jutibas tests

ATCC — American Type Culture Collection

BD — Becton Dickinson

CDC — Centers for Disease and control and Prevention
CcC — Clindamycin

cer — kasetes hromosomas rekombinazes géni

CDC — Centers for Disease Control and Prevention
CIpP — Ciprofloxacin

clfA — S. aureus markieris

CLSI — Clinical and Laboratory Standarts Institute
DNS — dezoksiribonukletnskabe

EARSS — Eiropas Antimikrobialas rezistences uzraudzibas tikls
em — praimeru paris

ERY — Erythromycin

GEN — Gentamicin

glpF — houskeeping géns

gmk — houskeeping géns

hgl-v- hlg — v toksina géns

Hl - MRSA - ar arstniecibas iestadi asoci€tais meticilinrezistentais
Staphylococcus aureus

Hlg — hlg toksina géns

hVISA — heterogéni vankomicina méreni jutigie S. aureus

luk-PV PVL — toksina géns

Mc Farland standarts — Mac Farland standarts

mecA — meticilrezistences géns

mecl — par mecA — par géna transkripciju atbildigais géns

MgCl, — magnija hlorids

MIC — Minimala inhibitora koncentracija

MLST — multilokusa sekvences tipeSana



MRSA — meticilinrezistentais Staphylococcus aureus
OX — Oxacillin

pat — houskeeping géns

PBP, — penicilinu saistoSais proteins

PFGE — pulsgjosa lauka elektroforéze gela

PKR — polimerazes kédes reakcija

PSKUS — Paula Stradina Kliniska universitates slimnic

PVL toksins — Panton-Valentine leukocidin toksins

QC — kvalitates kontrole

rif — rifampicina rezistences géns

RIF — Rifampin

RNS — ribonukleinskabe

rRNA — ribosomala ribonukleinskabe

S. aureus — Staphylococcus aureus

SCC mec — stafilokoku hromosomala kasete
SI-MRSA  —sadzivé iegutais meticilinrezistentais Staphylococcus aureus
spa — stafilokoku A proteina géns

ST — sekvences tips

STX — Trimethoprim-sulfamethoxazole

TET — Tetracyclin

tpi — houskeeping géns

tsst — toksiska Soka sindroma toksina I géns

UV transiluminators — ultra violetais transiluminators

VAN — Vancomycin
VISA — vankomicina méreni jutigie S. aureus
VRSA — vankomicina rezistentie S. aureus

yqiL — houskeeping géns



DEFINICIJAS

MRSA gadijums: pacients ar MRSA izraisitas infekcijas klinisko izpausmi,
laboratoriski apstiprinatu MRSA un MRSA nésataji.

Kolonizacija/MRSA nésasana: laboratoriski apstiprinats MRSA pacientam, kuram
nav infekcijas simptomu, ko izraisa MRSA.

MRSA bakterémija: MRSA infekcijas simptomu kopums pacientam ar asinis
laboratoriski apstiprinatu MRSA.

Invazivs MRSA izolats: MRSA , izdalits pacientam ar MRSA simptomu kopumu.

MRSA izolats: no patologiska materiala izdalits mikroorganisms.

MRSA celms: no patologiska materiala izdalitu mikroorganismu kopums ar vienadam
to raksturojosam Tpasibam (antibiptikogramma, molekulari biologiskais raksturojums).

MRSA infekcijas riska grupas

1. No citam arstniecibas iestadém parvesti pacienti vai pacienti, kas p&d&jo 30 dienu
laika atradusies citas veselibas apriipes iestades intensivas terapijas nodala.

2. Pacienti, kuriem p&d&jo seSu ménesu laika veiktas kirurgiskas manipulacijas.

3. Pacienti, kuriem bijusi saskare ar MRSA infic&tu pacientu.

4. Ja uznemSanas laika pacientam ir strutojoSas brices, atrofiskas cilas, ilgstosi

katetri.

InficéSanas riska faktori ar MRSA

1. Visparéji riska faktori (imtinsupresija, cukura diabéts, hroniski adas bojajumi).

2. Ar hospitalizaciju saistiti riska faktori (ilgstosa hospitalizacija, katetri, kirurgiskas
manipulacijas un plauSu maksliga ventilacija, pacienta veselibas stavokla smagums).

3. Sadziviski riska faktori (cie$s kontakts ar lielu cilvéku skaitu, atrasanas ilglaicigas
apriipes iestades, nodarbosanas ar kontakta sporta veidiem u. c.).

Nozokomiala/intrahospitala infekcija — infekcija, kas pacientam radusies
hospitalizacijas laika un uznemsanas bridi nav bijusi inkubacijas perioda.

MRSA skrinings — no deguna, padusém un/vai starpenes nemta parauga mikro-
biologiska parbaude péc epidemiologiskam indikacijam, lai savlaicigi identificétu MRSA
nésatajus.

Adaptéts péc Dumpis u.c., 2007.g.
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IEVADS

S. aureus var ierosinat plaSa spektra sadzivé un arstniecibas iestad€s iegiitas
infekcijas, palielinot pacientu arstéSanas izmaksas un palielinot mirstibas risku. Globala
multirezistento bakteriju izplatiba ir nopietna sabiedribas veselibas probléma. Aprekinats, ka
8-12% Eiropas slimnicas hospitalizetiem pacientiem novéro ar arstniecibas iestadi saistitas
komplikacijas, no kuram visbiezak sastopamas ir tie$i nozokomialas infekcijas (Counsil of
the European Union, 2009). Tomér MRSA ievérojami atSkiras no citiem multirezistenajiem
mikroorganismiem ar to, ka MRSA ne tikai aizvieto MSSA ka infekcijas ierosinataju, bet
infekcija nereti pievienojas pacientiem ar nopietnu pamatslimibu vai riska faktoriem,
tadgjadi paaugstinot S. aureus ierosinato infekciju incidenci (Muder et al, 1991 and Stamm
et al, 1993 and, Wyllie et al, 2006 and, Davis et al, 2004 un Dumpis u.c, 2007). Starp
multirezistentajiem grampozitivajiem mikroorganismiem 44 % (371 200) gadijumu 2008.
gada tiesi MRSA ir bijis intrahospitalo infekciju ierosinatajs Eiropas dalibvalstis, Islandé un
Norvegija (ECDC, 2009). Latvija informacija par nozokomialo infekciju ierosinataju
izplatibas biezumu daZados stacionaros un augsta riska nodalas, to molekularo uzbiivi,
virulences géniem ir nepietickama un nepilniga. Tapat minimali tiek pétiti So infekciju
izraisitaju mikroorganismu antibakterialas rezistences molekularie mehanismi, ka ar1
endémisko bakteriju savstarpgja klonala radnieciba.

Sakotngji izplatijies ka bistams nozokomialo infekciju izraisitajs slimnicas visa
pasaule, MRSA paslaik ir kluvis par nozimigu sadzivé iegttu patogénu. Atskiriba no HI-
MRSA, SI-MRSA izplatas tiesa kontakta cela starp cilvekiem. Pedgja laika sadzive iegiitais
MRSA ir izraisijis lielu interesi, nemot vera ta saistibu ar bemu un jaunu cilvéku
saslimS$anas gadijumiem bez saskarsmes ar arstniecibas iestadém. Satraucoss ir fakts, ka
pieaug gadijumu skaits, kad SI-MRSA celmi ir saistiti ar sadzivé ieglitu nekrotisku
pneimoniju, kas nereti beidzas ar pacienta navi.

Savlaiciga un pareiza MRSA identificéSana ir svarigs faktors ta ierosinato slimibu
apturéSanai un uzliesmojumu noveérSanai. Galvenas pazimes, kas atSkir hospitalos MRSA
celmus no sadzive iegiitajiem, ir hospitalo riska faktoru neesamiba, jutiba pret lielako dalu
antimikrobialo vielu, iznemot beta laktamu antibiotikas, atSkirigs hromosomalais fons, kas

nesakrit ar biezak sastopamo intrahospitalo celmu genotipiem, IV vai V tipa SCCmec
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kasete, kas ir reti sastopama intrahospitalajiem RSA celmiem un géni, kas kodé Pantona —
Valentina leikocidinu — PVL toksinu. Visas $is pazimes ir nosakamas ar molekularas
biologijas metodeém.

Péc pirmajiem HI-MRSA un SI-MRSA laboratoriski apstiprinatajiem gadijumiem
2003. gada, bija skaidrs, ka Sie patogeni ir sastopami arT Latvija. Tomér Latvija cirkulgjoSo

MRSA celmu genotipi, to izplatiba, slimibas un citi faktori nebija zinami.
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1. PROBLEMAS AKTUALITATE

Péc CDC nacionalas nozokomialo infekciju uzraudzibas sistémas 1986.—2003. gada
rezultatu analizes secinats, ka biezak sastopamie intrahospitalo infekciju ierosinataji ar
tendenci to skaitam pieaugt ir grampozitivie mikroorganismi, to skaita MRSA (Gaynes et al,
2005).

Vel lielaks MRSA gadijumu skaita pieaugums radijis sabiedriba neuzticibu pret
veselibas aizsardzibas sist€ému vispar. Tadel daudziem veselibas aizsardzibas sisteémas
pakalpojumu pirc&jiem MRSA ierosinato invazivo infekciju skaits arstniecibas iestade ir
viens no tas tas kvalitates un prognozgjamo gala rezultatu indikatoriem (Kock et al, 2010).

Galvena un butiska atSkiriba starp meticilinjutigiem un meticilinrezistentiem S. aureus
ir ta, ka p&dgjie satur hromosoma integrétu génu kaseti (Katayama et al, 2000) jeb ta saukto
SCCmec (staphylococcal chromosomal casette mec). SCCmec galvenais elements ir mecA
géns, kas nodroSina saimnieka rezistenci pret visiem zinamiem beta laktamiem. Lielaka dala
Eiropas valstis izdalito MRSA celmu SCCmec mec A géna hromosomala kasetes tipi
sastopami piecos S. aureus klonalajos kompleksos: CC5, CC8, CC22, CC30 un CC4
(Deurenberg et al, 2007). Lidz $im laikam ir atklatas astonu tipu SCCmec kasetes ar
apakStipiem un atkariba no tipa tas satur virkni ar patogenitati un rezistenci saistitu génu.
Pie kam S§ie rezistences géni nodroSina S. aureus izdzivoSanu ne tikai antibiotiku klatbatné
(piem., gentamicins, eritromicins), bet ar1 citos nelabvéligos argjas vides apstaklos (piem.,
smago metalu klatbitn€).

Papildus S. aureus celmi ir spgjigi producét vismaz dalu toksinu no visai plasa
stafilokoku toksinu arsenala, pieméram, PVL un TSST, no kuriem pirmais kopa ar IV tipa
SCCmec hromosomalas kasetes tipu ir sadzivé iegiita MRSA (SI-MRSA) molekularie
markieri.

Latvija vankomicins ir izvéles preparats MRSA ierosinato infekciju arsteSana. Ari
citas valstis glikopeptidi ir standarta antibiotikas MRSA ierosinato infekciju arst€Sana
(Gemmel et al, 2006). Diemzél $o antibiotiku plasa lietosana, ari Eiropa, ir VISA un VRSA
celmu izplatibas c€lonis, tapéc, ordingjot §is grupas antibiotikas infekciju arst€Sana, jabiit
stingri noteiktam indikacijam (Finch et al, 2006, and Appelbaum, 2006). Turklat picaug

Saubas par vankomicina efektivitati saistiba ar stafilokoku MIC paaugstinaSanos un
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novérojumiem, kas apstiprina sliktu §is antibiotikas penetraciju audos (Finch, 2006). Tapéc
savukart mazinas ar1 teikoplanina efektivitate, radot problémas MRSA izraisitu infekciju
arstésana (Tenover et al, 1998).

Tikai viena zinojuma ir pieejama informacija par MRSA izplatibu Latvija 2007. gada,
bet sistematiska MRSA izplatiba un MRSA celmu molekulara epidemiologija lidz 2007.
gadam un veélak nav pétita (Pujate E. u. c., 2008).

2. DARBA MERKIS

S1 darba mérkis ir noteikt MRSA izplatibas tendences daudzprofilu arstniecibas
iestade arstétiem slimniekiem un raksturot 2004.-2010. gada Latvija sastopamos MRSA

celmus péc to molekularbiologiskas struktiiras salidzinajuma ar citam Eiropas valstim.

3. DARBA UZDEVUMI

1. Noteikt MRSA izplatibu un MRSA infekcijas riska grupas pacientu skrininga
efektivitati PSKUS.

2. Péc pirmreiz€jo MRSA pozitivo asins paraugu rezultatiem salidzinat situaciju Latvija
un citas Eiropas valstis.

3. Veikt no 2004. Iidz 2010. gadam izdalito izvéléetu HI-MRSA un SI-MRSA celmu
fenotipisko un genotipisko izpéti.

4. Analizét iespg§jamo MRSA celmu epidemiologiju Latvija, salidzinot to molekular-

biologisko raksturojumu ar MRSA celmu raksturojumu citas Eiropas valstis.

4, PETIJUMA JAUTAJUMI

1. Cik biezi MRSA sastop PSKUS un kadas ir ST patogéna izplatibas tendences
daudzprofilu slimnica?

2. Vai pastav sakariba starp MRSA ngsasanu un MRSA ierosinatu bakterémiju PSKUS
2004.-2010. gada?

3. Vai 2004.-2010. gada no patologiskiem materialiem izdalitie MRSA ir fenotipiski un

genotipiski vienadi vai atSkirigi un kadas ir §1s atSkiribas?
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4. Kada ir MRSA ierosinato bakterémiju izplatibas tendences 2004.—2010. gada Latvija
salidzinajuma ar citam Eiropas valstim?
5. Kadi MRSA celmi ir sastopami Latvijas arstniecibas iestadés? To fenotipiskais un

molekulargenétiskais raksturojums.

Darba hipoteze

2003. gada pirmie MRSA laboratoristiski apstiprinatie gadijumi nav epizodiska
paradiba un tie ir sastopami arT Latvija. MRSA Latvija ir radniecigi kaiminvalstts izplatitiem

celmiem.

5. DARBA ZINATNISKA NOVITATE

1. Izveidota Latvijas MRSA izolatu kolekcija un datu baze Latvijas MRSA celmu
molekularbiologiskai analizei.

2. 2004.-2010. gada noteikta MRSA gadijumu incidence daudzprofilu stacionara.

3. Pirmoreiz Latvija, izmantojot uz PCR un sekvencu noteikSanu balstitas tehno-
logijas, noteikti S. aureus kliniski svarigie patogenitates faktori: SCCmec tipi, toksini,
antibiotiku rezistences géni un izstadatas metodes to noteikSanai.

4. Raksturoti Latvija domingjosie HI-MRSA un SI-MRSA celmi.

5. Saistiba ar citas Eiropas Savienibas valstis veiktajiem pétjjumiem pétita Latvija
izdalito MRSA celmu molekulara epidemiologija.

6. Veiktais petijums ir devis pieradijumus, noradijis virzienus un metodes turpmakai

zinatniski pamatotai MRSA infekciju uzraudzibas kontrolei Latvija.
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6. LITERATURAS APSKATS

6.1. Stafilokoku taksonomija un visparejs raksturojums

Staphylococcus gints mikroorganismi ir grampozitivas baktérijas, to $tinas ir sfeériskas,
0,5-1,5 wm diametra, dalas vairakas plakn€s un iztriep€ novietojas pa vienai, paros vai
grupas, kas atgadina vinogu kekaru. Tie ir nekustigi, katalazes pozitivi un oksidazes
negativi, neveido sporas. Toleranti pret palielinatu sals koncentraciju, aug, ja NaCl
koncentracija ir 10% un lielaka. AugSanas temperattras intervals svarstas no 10 Iidz 45 °C.
Fakultativi anaerobi un spgj regenerét energiju respiratoriska un fermentativa cela. Uz
maksligam barotném aug, veidojot S tipa kolonijas (Kloos et al, 1986). Stafilokoki ikdiena
saistti ar siltasinu dzivnieku adu, limfmezgliem un glotadam, bet dazas sugas var izolét ar
no partikas produktiem un apkart&jas vides objektiem.

Stafilokoki pieder Micrococcaceae dzimtai, bet at$kiriba no citiem tas parstavjiem
G + C daudzums Staphylococcus gints mikroorganismu DNS svarstas no 30 lidz 39%, tadel
tie pieder zemas G+C DNS grampozitivo bakteriju filogenétiskajai grupai (Kloos, 1997).

Morfologiski stafilokoki ir radusies no Bacillus gints mikroorganismiem
(Stackenbrant, 1981).

Stafilokoku sugas klasificé, pamatojoties uz DNS — DNS hibridizaciju (DNS
lidzibam), kas noteiktas péc to relativas piesaistes reasociacijas reakcijas optimalos un/vai
nelabvéligos apstaklos (Kloos et al, 1991). Pie vienas sugas bakterijam pieskaita tos
mikroorganismus, kas 70% gadijumu un vairak saistds optimalos reakcijas apstaklos un
apméram 50% gadijumu nelabveligos apstaklos. DaZzadu sugu stafilokokiem DNS
saistiSanas veértiba var biit zemaka par 70% optimalos apstaklos un ievérojami zemaka par
50% nelabveligos apstaklos. Papildus DNS hibridizacijai, klasific€jot sugas, izmanto
specifiskas DNS sekvences un dazadas fenotipiskas stafilokoku ipasibas, kas savstarp€ji
korel€ un raksturo vienu klasteri. Sugu specifiskas DNS sekvences un to vietu stafilokoku
hromosoma nosaka ar rRNS operonu sekvenci EcoRI fragmentos (De Buyser et al, 1992)
ribotip€Sanu puls€josa lauka elektroforéze vai art izmanto citas molekularas metodes.

P&éc molekularas taksonomijas pétijumiem Staphylococcus dzimta ietilpst Bacillus —
Lactobacillus — Streptococcus grupa, un Sai dzimtai visradniecigakie ir Enterococcus,

Bacillus un Listeria dzimtu parstavji (Ludwig et al, 1985).
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(b)

Staphylococcus Staphylococcaceae

Macrococcus equipercicus

Macrococcus caseolyticus

Bacillales

AL

halophilic Bacillaceae

Bacillus subtilis Bacillaceae

B. cereus group

4 Listeri

other “Bacillales” families

Staphylococcaceae?

E Geimella morbiflorum
Gemsila sanguinis

-
< Lactobacillales

6.1. 1. att. Staphylococcus dzimtas filogenétiskais koks

20 no 44 zinamajam Staphylococcus gints sugam ir sastopamas cilvékam (Eyzeby,
1997, Kloss, 1997). Péc viena no nozimigakajiem stafilokoku virulences faktoriem — sp&jas
producét brivo koagulazi, kas, reaggjot ar protrombinu, veido stafilotrombinu,
Staphylococcus gints baktérijas dala divas grupas: koagulazes pozitivajos un koagulazes
negativajos stafilokokos. Staphylococcus aureus pieder koagulazes pozitivo mikro-
organismu grupai, un sp&ja sarecinat plazmu ir visizplatitaka Staphylococcus aureus
identificéSanas metode. Mikrobiologiskaja laboratorija Staphyococcus aureus diagnostika
sugas ltmeni notiek, pamatojoties uz izdalito mikroorganismu raksturigo morfologiju, $ai
kulturai piemitoSam biokimiskam ipaSibam, mannitola un citu oglhidratu fermentaciju ar
skabes veidosanos un trusa plazmas koagulaciju (Mathema et al, 2009). Ka smagu, strutainu

infekciju ierosinatajs Staphylococcus aureus ir visvairak pétitais $is gints parstavis.

6.2. Stafilokoku $iinas apvalks un meticilina rezistences evoliicija

Patogéno mikroorganismu $iinas Sienai ir butiska nozime infekcijas procesa (Kloss
et al, 1988). Staphylococcus aureus celmiem ir tipiska grampozitivo baktériju $iinas siena
(Giesbrecht et al, 1998), kas atSkiras no gramnegativo bakteriju Stinas sienas ar to, ka
grampozitivo bakt€riju Stnas siena ir biezaka un ap to nav argas membranas (van Wely

et al, 2001).
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Lielako dalu Staphylococcus aureus mikroorgamismu celmu klaj 11 atskirigu
serologisko tipu polisaharidu kapsula. Stafilokoku $tinas siena ir veidota no peptidoglikana
slana, ko veido gari disaharidu poliméri, kas ir divu cukuru N — acetil-glikozamina un N —
acetilmureinskabes (GIcNAc-MurNAc) atkartojumi, perpendikulari saistiti ar tetrapepti-
diem: L-alaninu, D-glutaminu, L-lizinu un D-alaninu. Atskiriba no citiem mikroorga-
nismiem stafilokoku Stinas sienai peptidoglikana strukttra ir multipli glicina parpalikumi
starppeptidu tilta. Staphyolococcus aureus producé Cetrus penicilinu saisto$os proteinus
(fermentus), kas nodroSina peptidoglikana slana PBP1- 4 veidoSanos (Labischinski, 2002).
So dabisko penicilinu saisto§o proteinu biologiska aktivitate ir lidziga serinoprotedzém un
tas darbojas ka transpeptidazes glicina kézu krusteniskie savienotaji (Murakami et al, 1994;
Waxman et al, 1983). PBP2 ir bifunkcionals proteins, kas papildus transpeptidazes
aktivitatei darbojas ar1 ka transglikozilaze. Beta laktama antibiotikas saista So PBP, ka
rezultata tiek partraukta normala $iinas sienas sintéze. Vairaku antibiotiku grupu rezistences
attisttba iev@rojami ir pieaugusi baktériju $iinas sienas nozime, tadel ir svarigi zinat to
iedarbibas vietu. Piemérs ir rezistences attistibas evoliicijas pétijumi un S$aja gadijuma
Staphylococcus aureus meticilina rezistence. Vairaki pétijumi liecina ka, iesp&jams,
dzivieku komensalas floras parstavja Staphylococcus sciuri viet&jais géns evolucinari ir
relativi tuvs Staphylococcsus aureus mecA rezistences géna prekursoram (Couto et al,
1996, Wu et al, 1996).

Lai gan lielaka dala Staphylococcus sciuri celmu ir jutigi pret beta laktamu
antibiotikam, daziem celmiem ir konstatéta oksacilina un meticilina rezistence, kas saistita
ar izmainam mecA géna izpausmes regiona ka punkta mutacija mecA géna vai ka spécigaka
géna izpausme (Couto et al, 2003).

2005. gada ASV tika veikti petijumi, kuros mecA homologs no oksacilina rezistenta
Staphylococcus sciuri celma tika ievadits oksacilina jutiga Staphylococcus aureus $tina un
tika novérots, ka augstas §is antibiotiku koncentracijas klatbutné Staphylococcus aureus
Stinas sienas sintéze turpinas, tomér to struktiira ir radusas izmainas. Ta ka Staphylococcus
aureus Sunas sienas tethonskabeém ir bitiska nozime makroorganisma kolonizacija un
infekcija, iesp&jams, ka fermentus, kas iesaistiti teihonskabes biosinté€zg, varétu izmantot par

antibakterialo preparatu iedarbibas mérki (Brown et al, 2008).
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6.3. Staphylococcs aureus genoms

Dazadu genétisko Staphylococcus aureus markieru genomiskas pozicijas tika
atzimétas, veidojot genoma fizikalas kartes. Staphylococcus aureus hromosomalo karSu
veidoSana sakas, defingjot tris saistibu grupas, kas sastav&ja no deviniem auksotrofiskiem
markieriem un novobiocina rezistences markiera, nosakot Staphylococcus aureus NCTC
8325 (Pattee, Nevelin 1975). Staphylococcus aureus celma NCTC 8325 genoms ir apméram
2800 kb un satur 16 Smal restrikcijas saitus. Lictojot daudzus papildmarkierus un pétijumos
izmantojot pulsgjosa lauka elektroforézi un tai sekojosSu hibridizaciju, Staphylococcus
aureus NCTC 8325 fizikala karte kluva precizaka, tacu genétisko markieru savstarpgjais
attalums palika nezinams, kamér netika sekvenéti vairaki Staphylococcus aureus celmi
(Wada et al, 1993). 6.3.1. attéla redzama Staphylococcus aureus NCTC 8325 Smal
restrikcijas fragmentu fizikala karte un identificéto markieru atrasanas pozicijas (Panlilio

et al, 1992).
femA, femB

recA

coa spa  purA

6.3.1. att. Staphylococcus aureus NCTC 8325 fizikala karte ar Smal restrikcijas fragmentiem
A-P, to izmériem kilobaZu paros un identificéto genétisko markieru pieméri (femA, femB —
meticilina rezistences faktori, sak — stafilokinazes gens, fnbA, fnbB — fibronektinu saistoso
proteinu A un B géni, purA — adenina biosintezes faktors, spa — proteina A géns, coa —
koagulazes géns, recA — rekombinazes gens) (Panlilio et al, 1992).

Lidz ar genoma sekven&Sanas un citu genoma analiz€Sanas metozu izmantoSanu ir
paplaSinajusas zinasanas par bakteriju struktiru un funkcijam. Sanger institiits Oksforda

(Lielbritanija) ir publicgjis divu Staphylococcus aureus celmu: Lielbritanija sastopama,
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intrahospitala oksacilina rezistenta celma EMRSA-16(MRSA252) un hipervirulenta,
sadzivé ieguta Staphylococcus aureus (MSSA) celma (MSSA476) 2,8Mb sekvencéSanas
rezultatus (http://www.sanger.ac.uk/Projects/S_aureus/). Intensivi turpinas piecu Staphylo-
coccus aureus celmu genomu: COL, NCTCS8325, N315, Mu50 un MW2 izpéte.
(http://www.tigr.org/tigrscriptssf CMR@/CMRHomePage.spl,http://www.genome.ou.edu/sta
ph.htim (Baba et al, 2002; Karoda et al, 2001).

Lidz ar genoma sekvenéSanas un citu jaunu genoma izpétes metozu ievieSanu prakse
ir paplasinajusas zinasanas par bakte€riju struktiru un funkcijam. Gandriz puse no N315
Staphylococcus aureus celma proteiniem ir lidziga analogiem Bacillus subtilis vai Bacillus
halodurans proteiniem, kas kodé tadas organisma pamatfunkcijas ka DNS replikacija,

proteinu sinté€ze un regulé oglhidratu metabolismu (Karoda et al, 2001).

6.4. Staphylococcus aureus virulences faktori

Lai art koagulazes produc€Sana ir viens no batiskiem faktoriem, kas atSkir
Staphylococcus aureus no citam stafilokoku sugam, ka virulences faktoram tai ir maza
nozime, un Staphylococcus aureus patogenitati nosaka citi faktori, ko pierada pétijumi par
Staphylococcus aureus virulenci mutacijas koagulazes géna (coa). (Baddour et al, 1994,
Morreillon et al, 1995, Phonimdaeng et al, 1990, Stutzmann et al, 2001). Staphylococcus
epidermidis genomam, salidzinot ar Staphylococcus aureus, ir sintétisks 1681 atvértas
nolasiSanas sistémas serdena genoms (open reading frame-ORFs), bet Staphylococcus
aureus ir 18 sugas atkarigas ,,genoma salinas”, kuras atrodas dazadi virulences faktorus
kodgjosi géni, kas var variét atkariba no Staphylococcus aureus celma. Dazadu specifisku
virulences faktoru un Staphylococcus aureus ierosinato slimibu kliniskas izpausmes
apkopotas 6.4.1.tabula.

6.4.1. tabula

Staphylococcus aureus virulences faktori. Adaptéts pec (Smeltzer et al, 2009)

Géns Produkts Funkcija patogenéze
Siinas sienas komponentes
Teihonskabe Adhezins
Lipoteihonskabe Adhezins
Peptidoglikans Adhezins
Virsmas adhezini
cna Kolagena adhezins Adhezins, kolagénu saturoSos audos
Bbp Kaulu sialolbaltumuvielu Adhezins, kaulu sialproteina molekulas
saistosais proteins
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6.4.1. tabulas turpinajums

Géns Produkts Funkcija patogenéze
sdrE Ar serTna-asparatu bagats Adhezins, nezinams
proteins E
Spa Proteins A Nomac fagocitozi. Saista Ig fragmentu Fc.
Antifagocitara darbiba
fnbA, fnB Fibrinogeénu saistosais proteins | Adhezins, fibronektins
AunB
clfA, clIfB SalipSanas faktors A un B Darbojas antifagocitari

sdrC, sdrD, sdrE

Serina-asparata atkartojumu
proteins

Adhezins, nezinams

Sas geni S. aureus virsmas proteini Adhezins, nezinams
Sekretetie
adhezini
Efb Ekstracelularais fibrinogénu
saisto$ais proteins
emp Ekstracelularais matrici
saisto$ais proteins
Eap Ekstracelularais adhezivais
saistosais proteins (EAP)
Eksopolisaharidi
cap geni Kapsularais polisaharids Nomac fagocitozi. Darbojas antifagocitari
icaADBC Polisaharidu intracelularais Veido biofilmas
adhezins
Eksotoksini
Hla o — toksins Lize sunu
Hlb 3 — toksins Lize sunu
Hld Y — toksins Lizg stnu
Luk-F-PV, lukS- Panton-Valentine leikocidins Inhibé leikocitu darbibu
PV

etA, etB, etC, etD

Eksfoloativais toksins

Nekrotize superficialo adas slani, ir
superantigéns, ka rezultata izvairas no
organisma imtnsistémas.

tstH Toksiska Soka sindroma Superantigéns
tokstns (TSST)-1
seA, seB, seC, Stafilokoku enterotoksini Superantigéns
seD, seF, seG, sel
selH, selJ-sel-V
Fermenti
SSPA Serina proteazes Nav zinams
sspB Cisteina proteaze Nav zinams
clpX, clpP CipX, CipP Regulg virulences faktorus

Dzelzs piesaiste
isd geni

Ar dzelzi reaggjosas virsmas
determinantes

Saista hemoglobulinu
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6.4.1. tabulas turpinajums

Géns Produkts Funkcija patogenéze
sbnABCDEFGHI | Stafilobaktins Siderophre
StbA Transferinu saistosSais Saista transferinu
stafilkoku proteins A
Regulatori
Agr Acesoru génu regulators Quorum sensing
sar geni Stafilokoku acesoru regulators | Agr regulators, regulé ekstracelularo un
virsmas asociéto virulences faktorus
saeRS S. aureus eksproteina Regulg eksotoksinu
ekspresija
SrrAB Stafilokoku respiratoriska Atbild uz skabekla Itmeni
atbilde
vraSR Divkomponentu atbildes Agr regulators, atbild uz pret $iinas sienu
regulators aktivam antibiotikam, paaugstina rezistenci
pret vankomicinu un beta laktamiem
graSR Divkomponentu atbildes Nodrosina rezistenci pret vankomicinu un
regulators antimikrobialajiem peptidiem
apskS Divkomponentu atbildes Nodrosina rezistenci pret
regulators antimikrobialajiem peptidiem
alsSD Divkomponentu atbildes Veido biofilmas un iedarbojas uz $tinas
regulators integritati
Spx Metabolisma cela regulators Atbild uz stresu, veido biofilmas
Msa sarA modulators Paaugstina sarA un virulences faktoru
ekspresiju sarA kontrole
mufF Peptidoglikana sintéze Ietekmé ar $tinu asoci€to un ekstracelularo
virulences faktoru ekspresiju

“ Tabula ir apkopoti Staphylococcus aureus virulences faktori, kas ir iesaistiti stafilokoku virulencé un modelos, kuriem,
iesp€jams, ir nozime virulencé. Dazu virulences faktoru lomas noteik$ana ir problematiska un 6.4.1. tabula ir mingti tikai
apstiprinosi petijumi.

8.5. Staphylococcus aureus rezistences geni

Staphylococcus aureus raksturo nekontroléta tieksme attistit rezistenci pret anti-
biotikam. 1940. gada pé&c penicilina ievieSanas arst€Sana atri attistijas penicilina rezistence,
un péc 1946. gada veikto p&tijumu datiem jau 605 no slimnicu celmiem bija rezistenti pret
penicilinu (Barber, Rozwadowska-Dowzenko,1948). Ap 20. gs. 70. gadiem jau bija zinami
Staphylococcus aureus celmi, kas bija rezistenti pret vairak neka 20 antimikrobialajam
vielam (Lyon et al, 1987). Stafilokokiem ir dazadas rezistences determinantes, kas ir kod&tas
galvenokart plazmidas vai mobilajos genétiskajos elementos. Sis determinantes medie
rezistenci caur dazadiem biokimiskajiem procesiem (skat. 8.5. tabulu), kurus var klasificét

sadas grupas ( Paulsen et al,1997):
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1) inaktivacijas mehanismi,

2) bifazes mehanismi ,

3) antibiotikas piesaistes vietas maina ,
4) Efluksa mehanisms ,

5) sekvestracija.

Dazadu antibiotiku grupam $ie mehanismi ir atskirigi.

Aminoglikozidi

Aminoglikozidi nomac mikroorganisma S$iinas proteinu sint€zi, piesaistoties 30S
ribosomalai subvienibai.

Galvenie stafilokoku aminoglikozidu rezistences mehanismi ir saistiti ar amino-
glikozidu inaktivaciju ar tadiem Stnas enzimiem ka aminoglikozidu aminotransferazes
(AAC), adeniltransfrazes (AAD) vai fosfotransferazes (AACs). Sadi enzimu modificéti
aminoglikozidi vairs nespgj pieaistities ribosomam un lidz ar to nomakt mikroorganismu
Stinas sintézi (Albelda et al, 1994).

Stafilokoku rezistenci pret gentamicinu un lidz ar to pret tobramicinu un kanamicinu
medi€ bifunkcionals enzims ar AAC(6’) un APH(2’) aktivitati. aacA-aphD geéns, kas kodé
So enzimu, ir klonéts no pSK1 plazmidas un sekvencéts (Rouch et al, 1987), jo tas ir
Enterococcus faecalis géna ekvivalents (Ferretti et al, 1986). Aminoskabju sekvencésanas
rezultati parada, ka, iesp&jams, enzimam ir divi dazadi N terminala un C terminala doméni.
aacA-aphD geéns atrodas Tn4001 transpozona un Tn4001 un Tn4001 — lidzigi genétiskie
elementi ir atrasti un plasi izplatiti gan S. aureus, gan ari CoNS celmos pSK1 dzimtas
plazmidas un hromosomas. Rezistenci pret neomicinu, kanamicinu, tobramicinu un
amikacinu stafilokokos medi€¢ AAD(4’) un AAD( 4°’), kurus kod€é aadD géns, kuru nereti
nes mazas plazmidas, pieméram, pUBI110. Ir noteikti arT stafilkokoku streptomicina
rezistences géni: augsta limena rezistence pret streptomicinu ir saistita ar hromosomalam
mutacijam (StrA), kas ietekmé ribosomas (Lacey et al, 1972). Zema Iimena krusteniska
rezistence pret lielako dalu aminoglikozidu ir saistita ar hromosomu mutacijam, kas maina

Stinas membranas aminoglikozidu caurlaidibu (Phillips et al, 1984).
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Makrolidi, linkozamidi, streptogramini

Makrolidiem (piem., eritromicinam un oleandomicinam), linkozamidiem (piem.,
linkomicinam un klindamicinam) un streptograminu antibiotikam ir bakteriostatiska
iedarbiba uz mikroorganisma $iinu, piesaistoties 50S ribosomalai subvienibai un tajeédadi
blok&jot mikroorganisma $tinas proteinu sinté€zi. Eritromicinu, klindamicinu un linkozamidu
plasi lieto stafilokoku izraisttu infekciju arst€Sanai, tapec ir ievérojami pieaugusi stafilokoku
rezistence pret STm antibiotikam. Streptograminu antibiotikas sastav no divam kompo-
nent€ém: A un B komponentes (piem., pristinamicins I un II). Pristinamicinu Eiropa lieto ka
antistafilokoku preparatu, bet rezistence pret to saglabajas zema (Horinouchi et al, 1982).
Ir identificétas tris homologas determinantes: ermA, ermb erm C, kas nodro$ina rezistenci
pret MLS antibiotikam, modific€jot antibiotiku piesaistes vietu ribosoma. Vislabak tas
raksturo tieSi ermC determinante, kas kodé enzimu metilazi, kas savukart katalizé€ adenina
parpalikuma N°® dimetilaciju RNS 23S ribosomala subvieniba, tadgjadi reducgjot lidzibu
starp antibiotiku un ribosomu (Weisblum, 1985), ermC génu tipiska atrasanas vieta ir tadas
mazajas stafilokoku plazmidas ka pE194 (Horinouchi et al, 1982), erm C ekspresija ir
inducgjama un tiek reguléta mRNS sekundara struktira, jo ir paredzeta cat regulacijai. Ar1
erm A géns nodroSina inducéto rezistenci pret MLS antibiotikam, bet tas ir kodéts Tn554
transpozona. Tn554 transpozona ir iekodets arT spektinomicina rezistenci nodrosinoSais SpcC
geéns. Ir izpetits, ka Tn554 parasti iesledzas S. aureus hromosoma noteikta vieta, bet ir
sastopami stafilokoku mutanti, kuros Tn554 transpozons atrodas cita vieta, pieméram, mec
géna rajona. erm B géns nodrosina konstitucionalo rezistenci pret MLS antibiotikam un ir
konstatets dazas beta laktamazes/smago metalu rezistentajas plazmidas, pieméram, p1258,
kas savukart iekodgjas TnS551 transpozona. TnS51 transpozons ir dalgji sekvenéts un
transpozicija demonstréta in vivo (Khan et al, 1980). Atskiriba no erm géniem msrA géns
nodro$ina rezistenci tikai pret tadiem 14 un 15 gredzenu makrolidiem ka eritromicins,
iespéjams ar effluks mehanismu. msrA géns parasti ir ickodéts plazmidas un ir plasi
sastopams kliniskajos S. epidermidis celmos, bet ir sastopams ari S. aureus celmos.
Eritromicina rezistences epidemiologiskajos pétijumos konstatéts, ka ermC un msrA ir
biezakais eritromicina rezistences c€lonis, bet erm A un erm B sastop saméra reti (Eady et
al, 1993, West et al, 1995).

Cetras stafilokoku determinantes vat, linA, vatB un vgb medié linkozamidu rezistenci,
fermentativa cela modific€jot §is grupas antibiotikas. Stipri Iidzigos linkomicina rezistences

geénu slin A klongja un sekvencgja, kad tie bija izdaliti no S. aureus un S. haemolyticus
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(Brisson Noel et al, 1986, Brisson Noel et al, 1988). lin A génu nes tadas mazas stafilokoku
plazmidas ka pIP855. Lin A produkts datubazeé nav lidzigs nevienam citam proteinam, bet
tam ir motivi, kas saistiti ar ATP vai GTP piesaistiSanos. linA produkts dalgji iegits ir

attirita veida un noteikts, ka tas darbojas ka o-nukleotidiltransferaze.

Tetraciklini

Tetraciklini ir bakteriostatiskas iedarbibas antibiotikas, kas piesaistas 30S ribosomalai
subvienibai, aizkav&jot stabilu saistibu ar aminoacil-tRNS un 1lidz ar to nomacot proteinu
sintézi. Tetraciklinu antibiotikas plasi lieto medicinas praks€, bet ne stafilokoku izraisitu
infekciju gadijuma. Dazas valstis tetraciklinu un minociklinu lieto multirezistentu
stafilokoku arsteésana. Ir aprakstiti divi stafilokoku rezistences mehanismi pret tetraciklinu.
Viens no tiem ir hromosomas kodétais tetA(M), kas nodroSina rezistenci pret tetraciklinu un
ta pussintetiskajiem analogiem, pieméram, minociklinu. tetA(M) géns ir klon&ts un
sekvencets, konstatgjot, ka tam ir liela sekvencu lidziba nukleotida un aminoskabju seciba ar
M klases tet determinantém citos grampozitivajos un gramnegativajos mikroorganismos,
pieméram tetA(M) géns konjugativaja transpozona Tn916 unTn1545 (Ferretti et al, 1986).
Southern hibridizacijas analize liek domat, ka S. aureus tetA(M) géns nav saistits ar Tn916
transpozonu un nav noradijumu, ka §is géns vispar atrodams stafilokoku transpotelementos.
S. aureus tetA(M) génu ekspresiju inducg tetraciklins (Nesin et al, 1990). Otrs stafilokokos
identificétais tetraciklinu rezistences mehanisms ir ir aktivs antibiotiku effluks no $tinas, ko
nodros$ina divos génos tet(K) un tetA(L) kodéta informacija. Abi géni nodro$ina induc&jamu
rezistenci tikai pret tetraciklinu un atrasti stafilokoku mazajas plazmidas pT181, ka art
hromosoma, pateicoties 1S257-mediétai pT181 tipa plazmidas integracijai taja (Gillespie et
al, 1986, Stevadt et al, 1994).

Hinoloni

Hinolonu antibiotikas iejaucas par Sinas DSN replikaciju un labosanu atbildigas DNS
girazes funkcijas. Plasi lietojot hinolonus grampozitivo un gramnegativo mikroorganismu
izraisttu infekciju arsteéSana, atri ir izveidojusies rezistence pret Sim antibiotikam. S. aureus
celmos ir atrasti tris lokusi, kas ir iesaistiti rezistences nodrosinasana pret hinoloniem.
Pirmais ir DNS girazes parveide, kas ir tetrametrisks enzims ar divam subvienibam (A un B)
un kura darbiba ir kodéta gyrA un gyrB génos. Salidzinot E. coli un S. aureus gyrA un gyrB
génu mutantus, izradijas ka to novietojums $tnas genétiskaja informacija ir ekvivalents (Ito

et al, 1994). gyrA un gyrB hinolonu rezistento mutantu transformacija ar dabiskajam gyrA
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un gyrB plazmidam apstiprinaja So celmu hinolonu jutibu, apliecinot, ka mutacijas gyrA un
gyrB geénos izraisa So rezistenci (Ito et al,1994). Otra zema limena rezistence pret
hinoloniem, domajams, ir saistita ar mutacijam S. aureus hromosomu grlA géna (Ferrero et
al, 1994). Tresais rezistences mehanisms ir hromosomali kodéta effluks mehanisma sistéma,

ko nodros$ina norA géna kodéta informacija (Yoshida et al, 1990).

Glikopeptidi

Tadas glikopeptidu antibiotikas ka vankomicins un teikoplanins veido kompleksus ar
peptidil-d-Ala-d-Ala terminalo glikopeptida slani, kas nodro$ina S$tnas argjas sienas
veselumu, ka rezultata tiek nomakti transglikolizacijas un transpeptizacijas posmi $iinas
sienas sint€z€. VRSA un VISA/hVISA rezistences mehanismi ir atskirigi. VRSA ir ieguta
rezistence, kodéta van 4 géna klasteri (Woodford et al, 1995, Weigel et al, 2003, Tenover et
al, 2004). Domajams, ka VISA/hVISA celmiem ir mutaciju radita rezistence. Lai ari
rezistences genétiskie mehanismi vél 1idz galam nav skaidri, ir zinojumi par $iinas sienas
struktiiras un biosintézes procesu izmainam, kas rada ,,lidzibas slazdus” vankomicinam un
novers§ ta molekulu nonaksanu darbibas vieta citoplazmatiskaja membrana (Hanaki et al,
1998 and Cui et al, 2000 andAvison et al, 2002). Pirmie zinojumi par VISA paradijas 1996.
gada (Hiramatsu, 1998). Ari kliniski VRSA iedala divas grupas péc MIC; izolatus ar MIC
4-8mg/1 pieskaita VISA, bet izolatus ar MIC 16mg/1 un augstak VRSA (Hiramatsu, 1998).

Par VISA un VRSA ir zinojumi no dazadas vietas eso$am pasaules valstim. 2002.
gada paradijas pirmais zinojums par VRSA ASV (Goldrick 2002, Centers for Disease
Control and Prevention, 2002). P&tijuma, kas laika no 2002. lidz 2005. gadam tika izdarits
Indijas ziemelu dala, no izdalitajiem 783 S. aureus celmiem divi multipli rezistenti izolati
bija VRSA ar MIC 32 mg/l un 64 mg/l, seSus S. aureus izolatus pieskaitija VISA ar MIC
16mg/l 9 4 izolati) un cetrus — MIC 8mg/1 (divi izolati). VRSA celmus izolgja no dazadas
nodalas guloSu pacientu strutam, kuri 20 dienas bija sanémusi glikopeptidu terapiju.
Vankomicina terapija Saja gadijuma bija neefektiva, pacienti nomira no MRSA
komplikacijam, kas radas pamatsaslimibas dél (Ghoshal et al, 2006). Eiropas
Antimikrobiala uzraudzibas tikla datu bazes dati liecina, ka 2008. gada ir zinojumi par 11
VISA gadijumiem (Austrija, Ungarija, Lielbritanija) un diviem VREA Austrija (EARSS
Annual Report, 2008).
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6.5.1. tabula.

S. aureus antibiotiku rezistences géni. Adaptéts pec (Berger-Bachi et al, 2009)

Rezistences N . Rezistences
aEns Antibiotika Rezistences mehanisms gEfnfl .
lokalizacija
aacA-aphD | Gen, Tm,Km Modificésana ar p,c,t
6’acetiltransferazi/2’’ fosfotransferazi
aadD Sm,Km Modificésana ar 3°°,9’ adeniltransferazi p
aadE Sm Modific€sana ar 4°,4°” adeniltransferazi p
aphA Nm,Km Modificé$ana ar 6’adeniltransferazi p,C,t
aphC Sm Modificgsana ar 3’fosfotransferazi p
Arsb Arsenits/antimons | Aktivs eksports p, C
arsC Arsenati Arsenatu reduc€Sana par arsenitiem p, C
blaz Penicillin InaktivéSana ar beta laktamazi p,C, t
Ble Bleomycin Sekvestrésana c
cadA Kadmijs/cinks Aktivs eksports p
cadB Kadmijs/cinks Sekvestrésana (?) p, C
Cad Kadmijs Aktivs eksports c
Cat Chloramphenicol | InaktivéSana p
ar hloramfenikolacetiltransferazi (CAT)
Ddh Glikopeptidi d-laktata dehidrogenazes parprodukcija c
dfrA Trimethoprim alternativas dihidrofolatreduktazes producésana p, t?
ermA MLS rRNS metilacija c,t
emB MLS rRNS metilacija p,t
ermC MLS rRNS metilacija p
fosB Fosfomycin Inaktivésana ar glutation-s-transferazi p
fusA Hinoloni Piesaistes vietas maina c
fusB Fuzidinskabe Stinas sienas caurlaidibas samazinasanas p
gyrA/B Hinoloni Piesaistes vietas maina DNS girazé c
grlA Hinoloni Piesaistes vietas maina DNS topoizomeraze [V c
Lina Lincomycin O - nukleotidiltransferazes modifikacija p
mecA° Methicillin Alternativa PBP2 producé3ana c, t?
merA® Merkurijs Detoksifikacija ar merkurija reduktazi p, C, t?
merB* Organo merkurali | Detoksikacija ar organomerkurijliazi p, C, t?
mrsA MS Aktivs eksports p
mupA Mupirocin Modifivetas tRNS sintetazes producgsana p, C
norA Fluorkvinoloni Aktivs eksports c
Nov(gyrB) Novobiocim Piesaistes vietas maina DNS subvieniba B c
gacA Organiskie katjoni | Aktivs eksports p
gacB Organiskie katjoni | Aktivs eksports p
gacC(smar) | Organiskie katjoni | Aktivs eksports P
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Rezistences T . - Rezistences
~ Antibiotika Rezistences mehanisms géna

gens lokalizacija

Rif Rifampin Piesaistes vietas maina RNS polimeraze c

Spc Spectinomycin ModificéSana ar 9’adeniltransferazi c, t

Str Streptomycin Modificgsana ar 6’adeniltransferazi(?) p

StrA Streptomycin Ribosomu izmaina c

Sula Sulfonamidi p-aminobezoiskabes parprodukcija c

sulB Sulfonamidi Nezinams p

tetA(K) Tetracycline Aktivs eksports p

tetA(L) Tetracycline Aktivs eksports p

tetA(M) Tetracycline Ribosomu aizsargasana c

triA Triclosan Nezinams p

Trib Triclosan Nezinams c(?)*

Vat SgA Modificgsana ar acetiltransferazi p,c

vatB SgA Modific&sana ar acetiltransferazi p

Vga SgA Aktivs eksports(?) p

vgb SgB p

*? — domajama lokalizacija/rezistences veids, p — génu lokalizacijas vieta plazmidas. ¢ — génu lokalizacijas
vieta hromosoma, t — génu lokalizacijas vieta transpozionos.

Multipla S. aureus rezistence, ar pret biezak lietotam glikopeptidu grupas antibiotikam nakotné var bit
nopietna problema MRSA ierosinatu infekciju gadijumu arstésana.

6.6. Meticilinrezistentais S. aureus

6.6.1. MRSA meticilinrezistence

Termins meticilinrezistentais Staphylococcus aureus (MRSA) tiek lietots, lai
aprakstitu celmus, kas ir rezistenti pret beta laktamu antibiotikam, producg€jot izmainitu
penicilinu saistoSo proteinu (PBP2’). MRSA izolatiem ir lieli DNS iestarpinajumi, kuros
lokalizéts mecA geéns, kas kode PBP2’. MRSA ir rezistenti pret visiem beta laktamiem,
ieklaujot tresas paaudzes cefalosporinus un karbepenémus.

Klmiski visbitiskaka un ari prevalgjosa meticilina rezistences forma ir saistita ar
papildus penicilina saisto$a proteina PBP2a vai PBP2’ producésanu (Reynolds, 1986).
Iespgjams, ka PBP2’ ir izveidojies, rekombingjoties penicilinazes génam un PBP génam
tapat ka PBP2 un PBP3 Escherichia coli baktérijas. PBP2’ ir neparasti zema beta laktamu
antibiotiku saistiSanas afinitate, aizstajot dabiskos penicilinu saistoSos proteinus (PBP). Beta
laktami nevar piesaistities PBP2’, tad€]l netiek kaveta bakteriju Stnu sienu biveSana

(Reynolds, 1986). Tacu tikai PBP2’ producésana neizveido optimalo ekspresiju meticilina
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rezistencei. Dabiskais PBP2 beta laktamu klatbutneé veic glikanu k&des elongacijas
transglikozilazes funkciju, PBP2’ ir nepiecieSams transpeptidazes funkcijai (Pinho et al,
1997).

6.6.2. SCCmec molekulara uzbiive, celmu izplatiba un MRSA molekularas

izmekleéSanas metodes

MRSA rodas, meticilinjutigajam S. aureus iegiistot SCCmec kaseti (staphylococcal
casette chromosome mec) (Feil et al, 2003). SCCmec kasete ir mobils genétiskais elements,
kas satur mecA génu un ta regulatoros génus. So genétisko kase$u izméri varig, un tas var

saturét citus mazakus integrétos elementus (plazmidas, IS) un citus génus (Katayama et al,

2000).

PBP2’ kodé mecA géns, kas ir DNS regiona dala no stafilokoku kasetes hromosomas
mec (SCCmec), kas atrodama meticilinrezistentajos S. aureus izolatos, bet kuru nav
meticilinjutigajos izolatos (Berger-Bachi, 1999). SCCmec vienmér atrodas viena un taja
pasa S. aureus hromosomas regiona starp spa génu, kas kodé proteinu A, un purA génu, kas
nepieciesams adenina biosintézei. Sai hromosomalajai regiona sekvencei, kura integréta
SCCmeg, ir liela homologija starp dazadiem celmiem. Ir izdaliti pieci strukturali atSkirigi
SCCmec tipi (SCCmec I-V) un dazi apaks$varianti (Okuma et al, 2002). Visiem SCCmec
tipiem ir kopigas iezimes, ieklaujot mecA génu un ta regulatora regiona dalas un cCrA un
ccrB génus. Géni mecR1 un mecl kodé mecA regulatoros proteinus, MecR1 ir signalproteins
ar penicilinsaistosu doménu un transmembranu doménu, Mecl ir géna mecA represoriskais
proteins (Kuwahara — Arai et al, 1996). Géni ccrA un ccrB kodé rekombinazes CcrA un
CcrB. Sie fermenti ir atbildigi par saita un orientacijas specifisku SCCmec integraciju un
izgrieSanu (Katayama et al, 2000). 8. 8.6.2.1. attéla paraditi dazadi SCCmec kasesu tipi, kas
tiek definéti p&c ccr génu kompleksa tipa un mecA géna klases (Oliveira et al, 2002).

I tipa SCCmec kaset€ ir 1. tipa ccr komplekss un B klases mecA géns (1S1272-mecR1-
mecA), Il tipa SCCmec kasetg ir 2. tipa ccr komplekss un A klases mecA géns (mecl-mecR1-
mecA), Il tipa SCCmec kaseté ir 3. tipa ccr komplekss un A klases mecA géns, 1V tipa
SCCmec kasete ir 2. tipa ccr komplekss un B klases mecA géns, V tipa kaseté ir ccr
komplekss un C klases mecA géns, VI tipa kasetg ir 4. tipa ccr komplekss un B klases mecA
géns, VII tipa kasete ir ccr komplekss un B klases mecA géns un visjaunakaja VIII kasetg ir
4. tipa ccr komplekss un A klases mecA géns (Zhang et al, 2009). 1V tipa SCCmec kasete

péc sekvences atSkiribam J1 regiona var tikt diferencéta divos apakstipos — IVa un IVb.

29



MecA gena klase tiek definéta ar PKR, nosakot IS1272, mecl un mecR1 klatbutni vai

neesamibu divos doménos un mecA, ka ari IS431mec.
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6.6.2.1. att. SCC mec kasesu tipi (Teruyo et IWG-SCC, 2009)

Pirma tipa SCCmec kaseté mecA géns ir vienigais rezistences noteicgjs, turpreti otra
un tresa tipa SCCmec satur vairakus rezistences noteicgjus pret ne beta laktamu
antibiotikam, kas ir atbildigi arT par multirezistenci, kada biezi tiek konstatéta MRSA celmu

nozokomialas infekcijas gadijuma. Lielo izméru dél horizontala génu parnese no SCCmec
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otra un tresa tipa kaset€m, salidzinot ar ceturtd tipa kaseti, ir daudz griitaka, un Sos
elementus saturoSu MRSA celmu veidoSanas parasti notiek vertikali — selektiva spiediena
rezultata, kas radies no neadekvatas un parmeérigas antibiotiku lietoSanas terapija. Piekta tipa
SCCmec ir maza izméra kasete (28 kb), kura, tapat ka pirma tipa kaset€, nav citu rezistences
génu ka tikai mecA, tacu atskiriba no citiem SCCmec tipiem $aja kasete atrodas virkne citu
geénu, kas kodg restrikcijas — modifikacijas sisteému, kam var&tu biit nozZimiga loma elementa
stabilizacijai hromosoma (Oliveira, Lancastre, 2002).

Ar1 citi no SCCmec neatkarigi genétiskie un vides faktori ietekmé meticilina rezistenci
(Chambers, 1997). Inserciju inaktivacijas pétijumos ir atrasti dazi normali stafilokoku géni,
kas nepiecieSami meticilina rezistencei. Meticilinrezistentie S. aureus celmi biezi vien ir
rezistenti ne tikai pret beta laktamiem, bet ar1 pret citam antibiotiku grupam. SCCmec var
saturét vairakus rezistences ge€nus, kas galvenokart novietoti integrétajas plazmidas un
transpozonos. Makrolida — linkozamina — streptogramina (MLS) rezistences géns atrodas
Tn554 un ir saistits ar II, IIT un IIIA tipa SCCmec. Tetraciklina rezistences géns atrodas uz
pT181 Il tipa SCCmec. Aminoglikozidazes rezistences géni atrodas pUB110 IA un II tipa
SCCmec kasetés (Chikramane et al, 1991). 1960. gados dazadas Eiropas un Azijas valstis
starp HI-MRSA preval&ja I un IIT SCCmec tips (Katayama et al, 2003, Ito et al, 2003), bet
I1 SCCmec tips bija universals Japana, Koreja un ASV. SI-MRSA celmiem ir raksturiga IV,
V, vai VI tipa SCCmecA kasete (Ito et al, 2003, Kondo et al, 2007). Tomér ir ar izpémumi:
daziem HI-MRSA celmiem ir SCCmec IV tipa kasete (EMRSA-15 un USA500), un SI-
MRSA ST8-1Vtips (ASV 300) ir arvien biezak sastopams slimnicas ASV. SCCmec tipi IV
un V ir atrasti SI-MRSA izolatos un parasti tiem nav citu papildus rezistences génu (Rex
et al, 2010). Jau daudzus gadus mecA gena noteikSana S. aureus izolatos ar PKR ir
meticilina noteikSanas ,,zelta standartmetode” (Murakami et al, 1991).

Ta ka klasiska mikrobiologiskas izmekléSanas metode aiznem 2-8 dienas (Pujate,
2008) un tapec paiet ilgaks laiks, 11dz iesp€ams pacientam izvéeleties atbilstosu terapiju,
miusdienas, lai varétu identificét MRSA tieSi no pozitiva asins uzs€juma, ir izveidotas jaunas
komercialas izmekl€Sanas metodes, pieméram, reala laika (real time) PKR komercialas
testsisttmas un citas. DiemZz&l parasti So metozu lietoSanai nepiecieSamas dargas
tehnologijas (Kempf et al, 2010, and Shresthaet et al, 2002). Endotrahealos aspiratos un
citos kliniskajos paraugos ar multipleksu PKR metodi MRSA ir iespg&jams noteikt sesas
stundas. ST metoda balstas uz mecA géna un femA géna noteikSanu kliniskaja parauga
(Vannuffel et al, 2003). Salidzinosi nelielas ir iesp&jas molekularo izmeklgjumu noteikt

MRSA tiesi no iztriepes, kas ir nozimigs izmekl&§jums MRSA uzraudzibas joma. Viens no
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sadiem izmekl&jumiem ir izotermala signala amplifikacijas metode (CytAMP®-British
BioCell International, Cardiff, UK), kura apvienotas S. aureus identifikacija un meticilina

rezistences noteikSana (Levi et al, 2003).

6.7. MRSA tipéSanas metodes

Visefektivako kontroles metozu izstradasanai un pilnveidoSanai ir svarigi pilniba
saprast MRSA epidemiologiju. MRSA tipéSanas metodém ir jabiit ar augstu izskirtsp&ju,
atkartojamam, standartiz€jamam, ar stabilam iezim&m, plasi pieejamam, 1&tam un ieprieks
veiksmigi lietotam epidemiologiskos izmekl&jumos. Loti svariga ir arl iegiito rezultatu
starplaboratoriska salidzinaSanas un analizes iesp&jamiba.

MRSA tip€Sanas metodes var iedalit fenotipiskajas un genotipiskajas. Pie
fenotipiskajam metodeém pieskaitamas: antibiogramma, fagotip&Sana, serotip€Sana, proteinu
elektroforéze, savukart genotipéSanas metodes ir: plazmidu analize, hromosomala DNS
analize — restrikcijas enzimu analize (REA), ,,southern” hibridizacija, ribotip&Sana,
insercijas sekvencu analize, mecA: Tn554 tip&Sana, pulsgjosa lauka elektroforéze (PFGE),
SCCmec PKR tip&Sana, uz noteiktu génu sekven€sanu balstitas metodes — MLST, spa
tipeSana (Weeler, 2000). Daudzas no $im metodém ir novecojusas un praksg tiek lietotas loti
reti. PaSlaik popularaka fenotipeSanas metode ir antibiogramma, bet popularakas

genotipéSanas metodes ir PFGE, SCCmec PKR tipéSana, MLST un spa tip&Sana.

6.7.1. Antibiogramma

Fenotipiski MRSA izolatus var salidzinat péc to jutibas pret dazadam antibiotikam,
izmantojot disku diflizijas metodi agara un komercialas sistémas. Sis tehnikas ikdiena veic
rutinas mikrobiologiskajas laboratorijas. So metozu trikumi ir MRSA tipu maza izskirtspéja
un iespéja, ka selektiva spiediena rezultata vienada antibiogramma var biit neradniecigiem
celmiem. Tai pat laika ir iesp&ams, ka divu viena klona izolatu antibiogrammas var
atSkirties, kas skaidrojams ar rezistenci nesos$as plazmidas iegtiSanu vai ari tas zaudéSanu.
VienkarSa raksturoSana ar rezistenci vai jutibu pret antibiotikam bieZi nevar kalpot par
neradniecigu celmu izskirSanas metodi. 1zanaliz&jot visas Sis metodes iesp&jas, secinam, ka
antibiogrammu nevar izmantot ka vienigo MRSA tipéSanas metodi, lai gan dazreiz kada
endémiska vai epidémiska klona jutibas rezultats var but tik zZimigs, ka antibiogramma k]iist
par veiksmigu skrininga metodi, pieméram, kada uzliesmojuma laika rezistence pret

rifampicinu tika izmantota ka iezime, lai atskirtu jauno celmu no slimnica jau eksist€joSiem,
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tadgjadi izsledzot tos stafilokokus, kam talaka tipéSana nav nepiecieSama (Weller, 2000).
Antibiogramma ir Joti svariga metode adekvatas terapijas izv€lei, bet antibiogrammas

rezultati atseviski nelauj spriest par nozokomialo infekciju uzliesmojumiem slimnicas.

6.7.2. Pulsé&josa lauka elektroforéze — PFGE

PFGE, kuru izstradajusi zinatnieki Szwarc C. un Cantor J., ir balstita uz bakterialas
DNS sagriesanu ar endonukleazém, ka rezultata tiek ieguti lieli DNS fragmenti (10-800 kb),
kas nav sadalami parastaja elektroforézé. PFGE elektriska lauka virziens tiek periodiski
pulsveidigi mainits, laujot DNS fragmentiem sadalities atbilsto$i izm&ram. PFGE sniedz
iesp&ju daudz vienkarsakai hromosomalas DNS salidzinaSanai, balstoties uz vienkar§akiem
profiliem, nevis tadiem, kas ieglti ar augstas frekvences restrikcijas endonukleazém.
Teorétiski, PFGE var izmantot jebkuru baktériju tipéSanai (Weller, 2000). PFGE izpildei
nepieciesama nebojata DNS, tadé] DNS izolacija javeic 1pasi uzmanigi. Lai izvairitos no
riska izdaliSanas procesa mehaniski bojat DNS molekulas, katrs paraugs tick imobiliz&ts
agarozg, tada veida aizsargdjot DNS un vienlaicigi laujot brivi plist skidumiem, kas
nepiecieSami Stinu sienas liz€Sanai un proteinu Skidinasanai. Izoléta DNS talak tiek griezta
ar endonukleazeém, kas atpazist dazas specifiskas hromosomu vietas. DNS fragmenti gela
migré uz anodu, tau pirms parvietoSanas fragmentiem jaiecentrjas elektriska lauka
virziena. CentréSanas laiks ir atkarigs no molekulara svara, tadeé] labaka fragmentu
sadaliSanas tiek panakta ar elektriska lauka virziena mainu elektroforézes laika. ST procesa
rezultata lielakajiem fragmentiem ir nepiecieSams ilgaks laiks, lai parorient€tos uz jauno
elektriska lauka virzienu, savukart mazakie fragmenti parorient€jas straujak un turpina
migraciju atrak (Olive et al, 1999).

PFGE ir lietota MRSA analiz€Sanai un vairakos pétfjumos salidzinata ar citam
metodém. Ir parbauditas vairakas restrikcijas endonukleazes, ta¢u par labako ir atzita Smal
(Ichiyama et al, 1992). Visi izolati ir tipjami pat péc vairakam starpkultiram. PFGE piemit
vairakas no idealas tipe€Sanas metodes 1pasSibam, un ta varétu biit ,,zelta standarts” MRSA
tipesanai (Weller, 2000). Tomér pastav vairaki ierobezojumi PFGE lietoSanai, pieméram,
ilgais laiks Iidz rezultatu iegliSanai un reagentu un speciala aprikojuma augstas izmaksas.
Lai gan iegiito zonu skaits ir salidzinoSi neliels, rezultatu interpreté€Sana ir problematiska,
ipasi starplaboratoriskos pétijumos, jo pat nelielas elektroforézes apstaklu atSkiribas var
ietekmét katras zonas attalumu, sarezgijot tadu izolatu salidzinasanu, kuru DNS sadalits

dazados gelos.
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Neskatoties uz Siem ierobezojumiem, PFGE tiek uzskatita par labu metodi dazadu
lokalu infekciju uzliesmojumu izpétes gadijumos (Weller, 2000, Murchan et al, 2003).
PFGE tiek lictota endémisko un epidémisko MRSA celmu epidemiologijas pé&tijumos.
Sados gadijumos ar PFGE iegitie profili tiek interpretéti péc publicétajam direktivam.
Tenover ar zinatniecku grupu (Tenover et al, 1995) ierosinaja izmantot standartiz&tu
interpret€Sanas shému genétiskas radniecibas noteikSanai starp dazadiem izolatiem, tacu
kritériji ir piemérojami, tikai analiz&jot nelielu skaitu izolatu, kas ieguti uzliesmojumu
epidemiologiskajos pétijumos slimnicas vai sabiedribas relativi 1sa laika perioda (1 lidz 3
ménesi), kad genétiska daudzveidiba, domajams, ir ierobezota. Sie kritériji nav piemérojami
plasu un ilga laika perioda ievaktu mikroorganismu kolekciju pé&tijumos. Daudz vieglak
izpildamas, interpret€§jams un starplaboratoriski salidzinamas ir uz sekven&Sanu balstitas
MRSA tip€Sanas metodes — spa tipeéSana un MLST, kas ari tika lietotas veiktaja

pétnieciskaja darba.

6.7.3. Proteina A geéna tipéSana

Proteins A ir $iinas sienai piesaistits proteins ar membranas enkuru un LPXTG
transpeptidazes atpazisanas saitu (Schneewind et al, 1995), kas var saistit IgG Fc regionu.
MRSA izolatu tipeSana p&c proteina A géna spa tiek veikta, sekvengjot polimorfa X vai isu

sekvencéu atkartojumu (short sequence repeat — SSR) regiona DNS (http://www.rivm.nl).

Polimorfais X regions sastav no dazada skaita 24 bp atkartojumiem un ir novietots tiesi aiz

regiona, kas kodé C-terminalo §linas sienas piesaistisanas sekvenci .

1095F I517R
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6.7.3.1. att. Proteina A géna spa karte. Ar taisnstiiriem apziméti géna segmenti, kas kode
signala sekvenci (S), imiinglobulinu G saistoSos regionus (A — D), A — D homologo regionu (E)
un COOH galu (X), kas ieklauj SSRs (Xr) un $iinas sienas piesaistes sekvenci (Xc) (43).

SSR veidojas no atkartojumu vienibu delécijam un duplikacijam vai arT punktveida
mutaciju rezultata. Lai gan biologiska funkcija Tsti nav skaidra, proteina A doméns, ko kodé
X regions, varétu paplasinat proteina N-terminalo IgG saistiSanas vietu uz $iinas sienas.

Variabla X regiona galos atrodas konservativi apgabali, kas shematiski att€loti 8. 4. attela un
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p&c kuriem tiek izvéleti praimeri PKR amplifikacijai un tieSai sekvences analizei (Weller,
2000). Sekvencu polimorfisma noteikSana variablaja spa géna X rajona, kas kod€ virsmas
proteinu A, jeb spa tipésana ir kluvusi par vispopularako tipéSanas sist€ému, jo Sai metodei ir
daudzas praktiskas prieksrocibas, ieskaitot lielu caurlaidibas sp&ju, iegiito datu parnesamibu,
ka arT absoliitu reproducésanu, kas lauj izmantot interneta bazetu tipa pieskirSanu un iegiito
rezultatu salidzinasanu ar vispasaules datu bazi (Hallin et al, 2009).

Praktiski ta ir kluvusi par biezak lietoto primaro tipéSanas metodi regionalas un
nacionalas meticilina rezistentajas S. aureus uzraudzibas sh€émas. Neskatoties uz to, ar1 $1s
tehnologijas iesp&jas ir limitétas un atseviskos gadijumos ir nepiecieSama papildus testu
veikSana, spa tipe€Sana neuzrada dazu ST interferenci, piem&ram, STI, ST8 un ST80. Sados

gadijumos jaizmanto papildus markieru analize ar polimerazes k&des reakciju (Struelens et

al, 2009).

6.7.4. Multilokusu sekvences tipéSanas metode

Multilokusu sekvences tipéSanas (multilocus sequence typing — MLST) metode tika
izstradata, pamatojoties uz multilokusu enzimu elektroforézes (multilocus enzyme
electrophoresis — MLEE) principu. MLST metodi 1998. gada izstradaja Maiden et al.
MLST at8kiriba no MLEE vairs netiek analizéta génu ekspresija, bet ar sekvenéSanu tiek
veikta paSu génu analize. Dazadas sekvences tiek uzskatitas par atbilstosam atSkirigam génu
allélem, kas talakai identific€Sanai tiek apzimé&tas ar skaitliem. Izolats tiek tipéts péc allelu
profila (Weller, 2000). Analizém tiek izv€lets noteikts génu skaits, parasti tie ir aptuveni 500
bp gari t.s. ,,housekeeping” génu icksgjie fragmenti. ,,Housekeeping” géni tiek izveleti tadel,
ka tie baktériju genoma atrodas vienmér (Weller, 2000). Septini génu lokusi, kas tiek
izmantoti  Staphylococcus aureus MLST, ir sekojosu génu iek$gjie fragmenti:
karbamatkinaze (arcC), Sikimatdehidrogenaze (aroE), glicerina kinaze (glpF), guanilata
kinaze (gmk), fosfatacetiltransferaze (pta), triozes fosfatu izomeraze (tpi) un acetilkoenzima
A acetiltransferaze (ygiL). Katrs lokuss tiek amplificéts ar PKR, izmantojot praimerus, kas
piesaistas konservativam génu regionam, kas atrodas blakus variablajam regionam. legitais
PKR produkts tiek sekvenéts, un, balstoties uz iegiito sekvenci, tam tiek pieskirts ieprieks
aprakstitas alléles numurs. Ja iegita sekvence iepriekS datu bazés nav aprakstita, ta tiek
definéta ka jauna. Staphylococcus aureus datu bazgs ir aprakstitas apméram 804 visu lokusu
alleles. Nemot véra, ka ar MLST tiek analizéti septini lokusi, teorétiski iesp&jami

190577339656704 dazadi allelu profili (http://www.segnet.org). MLST lietojums

Staphylococcus aureus analizém ir validéts, izmantojot PFGE. Otra MLST priekSrociba ir
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iespgja rezultatus atainot elektroniski datu bazes interneta, unificgjot un standartiz&jot
globalos epidemiologiskos datus. MLST galvenie trikumi ir augstas izmaksas un
specifiskais aprikojums, tadél $§T metode galvenokart tiek izmantota lielos zinatniski
epidemiologisko pétijumu centros nevis slimnicas. Lai gan MLST ir saméra jauna metode,
pateicoties labai atkartojamibai, standartizacijai un izskirtsp&jai, ta kliist arvien popu
laraka.

MRSA kloniem ir zema gené&tiska variablitate, tade] batu svarigi atrast metodi ar
visaugstako iz8kirtsp&ju, lai varétu diferencét celmus epidemiologiski saistitas un nesaistitas
grupas. Tas ir iesp€jams, petijumos lietojot vairak par vienu metodi, lai nodro§inatu
augstaku izSkirtsp&ju un noverstu butiskos trikumus. Tomé&r $ada pieeja ieverojami
palielinatu pétijjuma izmaksas. Nemot véra MRSA izplatibu, ari Latvijas apstaklos
ir nepiecieS$ama §1 patogéna molekulari epidemiologiskas informacijas analize, kas
varétu palidzet izstradat zinatniski pamatotu infekciju kontroles politikas un rekomenda

ciju planu.

6.8. S. aureus un MRSA nésasana, izplatiba un skrinings,

nosakot MRSA nésasanu

Staphylococcus gints mikroorganismi visa pasaulé ir cilvéku un dzivnieku adas
komensalas mikrofloras dala. Tos var atrast uz vesela cilvéka glotadas, aug$gjos elpcelos un
urogenitala trakta lejas dala, transitivi tie ir atrodami arT gremoSanas trakta. Kolonizacija ar
S. aureus notiek uz elpcelu glotadas un/vai zarnu trakta, pie kam parasti ta norit
asimptomatiski (Eveillard et al, 2004, Scanvic et al, 2001). 2001.-2002. gada veikta
populacijas petijuma ASV konstatéts, ka S. aurues nésasana no 32,4% samazinajusies lidz
28,6% , bet kolonizacija ar MRSA pieaugusi no 0,8% Iidz 1,5% (Gorwitz et al, 2008,
Werthei et al, 2004). Dazi individi ir transistenti nésataji, bet sastop ari persist&josas
nésasanas gadijumus (Hamdan-Partida et al, 2010).Veseliem cilvékiem S. aureus nésasana
nav saistita ar lielu infekcijas iesp&amibas risku, bet, ja tiek bojata adas integritate,
infekcijas risks ievérojami pieaug. Pirmoreiz $adu situaciju aprakstija 1952. gada saistiba ar
oglraciem, kam bija dazadi sasitumi un adas bojajumi uz celiem un elkoniem (Archer et al,
1952). Lidziga situacija ir slimnicu pacientiem, kuriem adas integritates izjaukSana var bt
S. aureus ieejas varti organisma, ieskaitot MRSA. Galvenokart tas attiecas uz kirurgiskiem
pacientiem (Pofahl et al, 2011), pacientiem ar apdegumiem (Kaiser et al, 2011), pacientiem,

kam veiktas invazivas procediras (Geffers et al, 2011), intensivas terapijas pacientiem
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(Wang et al, 2010) un citiem. Pacienti var tikt koloniz&ti, nonakot slimnica, bet var nonakt
slimnica jau ka MRSA nésataji un tikt kolonizeti, atkartoti iestajoties slimnica, vai
parvesanas laika uz citam nodalam (Boyce, 1992).

MRSA n@sataju sastopamibas biezums, iestajoties arstniecibas iestadés dazados
geografiskos rajonos ir dazads, bet valstis, kur MRSA limenis ir augsts, MRSA ngsataji
starp pacientiem un personalu, péc literatiras datiem, ir apméram 6,5% (Jeyaratnam et al,
2008). P&c nonaksanas slimnica $adiem slimniekiem var veidoties endogéna infekcija, pasi
var inficCties endogéna cela, ka arf tie var k]t par krusteniskas MRSA kolonizacijas rasanas
cloni citiem pacientiem (French 2009). Pieméram, p&tijums Lielbritanija paradija, ka laika
no 1997. Iidz 2003. gadam, apsekojot 216 644 hospitalizétu slimnieku, par infekciju skaita
pieaugums slimnica saistits tieSi ar MRSA. (Wyllie et al, 2005).Tadé] MRSA ierobezoSanas
stratégiju mérkis ir krusteniskas rezistences ierobezoSana un citi pretpidémiskie pasakumi,
to skaita slimnieku izol€Sana, lai panaktu MRSA izplatibas samazinasanu (Tacconelli,
2008).Tomer Sis jautajums ir saistits ar materialiem resursiem, tad€] infekcijas kontroles
programmas ir japilnveido un japaaugstina to efektivitate, lietojot atbilstosas statistikas
metodologijas un ekonomisko modelésanu, kas dazadas valstis var but atSkiriga. Dazadu
valstu slimnicas veiktais MRSA uzraudzibas proceduru parskats paradijis, ka pat slimnicas
ar augstu MRSA infekciju risku intensivu un koordingtu pasakumu veikSana ieskaitot
pacientu izoleSanas procediiras, var biitiski samazinat infic€Sanas iespgjamibu ar MRSA
(Cooper et al, 2004). Biezi notiek diskusija par to, vai valstis ar zemu MRSAizplatibas
Iimeni ir nepiecieSams ieviest agresivus infekcijas kontroles uzraudzibas pasakumus un
uzraudzibu, kas ir saistitas ar arstniecibas iestazu izmaksu palielinasanos.

Ka pieradijis Holandes Veselibas departamenta MRSA infekciju kontroles programms
efektivitates rezultatu petijums 2006. gada, Saja valsti noteikta kontrole, kas ir agresiva un
ieveéro ,,meklét un iznicinat” principu, ir rezultativa, jo MRSA inficéto skaits ievérojami
samazinajies un Ilidz ar to  smazinajuSas ar1  izmaksas $aja = joma
(http://www.gr.nl/pdf.php?ID=1462&p=1).

Latvijas vadlinijjas ,Labas sabiedribas veselibas prakses vadlinijjas ricibai
meticilinrezistenta S. aureus apstiprinasanas gadijuma stacionaras arstniecibas iestades” ir
sniegts vispargjs priekSstats par MRSA kontroles iesp&jam stacionaras arstniecibas iestades
un aprakstitas minimalas prasibas, kuras istenojot var ierobrezot MRSA izplatibu. MRSA
riska grupas pacienti Latvijas arstniecibas iestades, kuriem, iestajoties slimnica, javeic
skrininga izmekleéSana, nosakot MRSA, ir: pacienti, kas parvesti no citam arstniecibas

iestadem vai pedejo 30 dienu laika atradusSies citas veselibas apripes iestades intensivas
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terapijas nodala, pacienti, kuriem veiktas kirurgiskas manipulacijas pedéjo 6 ménesu laika,
kontaktpacienti ar MRSA infic€tu pacientu, ja uznpemsSanas laika pacientam ir strutojosas
briices, atrofiskas Ciilas, ilgstos$i katetri. P&c Sabiedribas veselibas agenttiras datiem no 2007.
gada septembrim lidz 2008. gada janvarim Latvija registréts 71 MRSA gadijums un 45,1%
gadijumos tie ir bijusi ar MRSA koloniz&ti pacienti. MRSA n@sataju ipatsvars dazados
ménesos vari€ no 36,8 [idz 50% no visu zinoto MRSA gadijumu skaita (Pujate E., 2008).

Lai art MRSA ir mikroorganisms, kas izraisa infekciju galvenokart slimnicas
pacientiem un saistits ar HI-MRSA, dazas valstis SI-MRSA kliist par problému ari vecu
lauzu pansionatos dzivojosiem vecakiem cilvékiem. MRSA izplatibas galvenie riska faktori,
kas var paatrinat cilvéku navi Sajos pansionatos, ir tas, ka cilvéki dzivo Sauriba, daudziem
tiek veiktas mediciniskas procediiras, pacienti sanpem medikamentus, to skaita antibiotikas,
nereti ir veci Jaudis, kam nepiecieSami katetri. Lai arT ir daudz vadliniju un ieteikumu,
MRSA izplatibas nov@rSanai slimnicas, bet nav iesp&jams mehaniski $os pasakumus parnest
uz veco lauzu pansionatiem, jo $aja gadijuma pansionati ir gan slimnica, gan cilvéku
pastaviga dzivesvieta (Hughes et al., 2008). Ir aprakstiti adas un miksto audu infekciju
uzliesmojumi kolektivos, kur to dalibnieki nodarbojas ar kontaktsporta veidiem(cietumos,
militaras vienibas u c.), bérnudarzos, intravenozo narkotiku lietotajiem, cilvékiem, kam
veikti tetovejumi, ka arT noveérota mikroorganisma parneSana no pacienta uz medicinisko
personalu. Riska faktori SI-MRSA iegiiSanai ir adas traumas, palielinata kermena
masa, kosmétiska kermena skiiSana, ka ar trenazieri un citas koplietoSanas ierices (Dumpis
u.c., 2007).

Ta ka antibiotikas tiek plaSi lietotas ar1 veterinarmedicina, iesp&€jama rezistento
mikroorganismu parneSana no dzivniekiem cilvékam kontakta cela vai ar partikas
produktiem (Eveillard et al, 2004, De Jong et al, 2009). 1972. gada literatira paradijas
pirmais zinojums par MRSA izdaliSanu no, ar mastitu slimojosu govju, piena (Devriese et
al, 1972). Ir ievérojama atSkiriba starp MRSA dzivniekiem, ko razo partikai, un
majdzivniekiem. Majdzivniekiem MRSA dabiskais rezervuars ir cilveks, turpretim partikai
paredz&tos dzivniekos un to produktos atrastais MRSA ir jauns MRSA ST398 celms, kas
atri izplatas starp dzivniekiem un ari lauksaimniekiem. ST398 celmu bez kliniskam
pazimém sastop galvenokart cuku fermas stradajoSiem, ka ari cikam. Ta atradne ir
aprakstita Francija, Niderlandé, Danija, Belgija, ASV. Ontario $tata Kanada veiktaja
pétijuma konstatéja, ka kolonizacija ar MRSA cuku ferma stradajoSiem bija 20% un ctkam

24,9%, pie kam S$ie rezultati nekorel&ja. Spa tipéSanas rezultati paradija, ka domingjosais ir
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spa tips 539 (t 034, ST 398 klonalais komplekss), tas pats, kas Eiropa bija konstatéts 59,2%
MRSA izolatu no ciikam Eiropa (Khanna et al, 2008).

Vairakas ST398 MRSA celmu izraisitas infekcijas cilvékiem apstiprina potencialo
ST398 MRSA celma izplatibu saistiba ar saslim$anu. Tomér izplatibas atrums un ST398
MRSA celma virulence péc dazadu autoru datiem ir zemaka neka citiem MRSA.

MRSA galvenokart izplatas ar mediciniska personala rokam, parngsajot to no viena
pacienta uz citu. Nereti pacienti ir koloniz&ti ar MRSA bez slimibas kliniskas izpausmes un
var biit infekcijas avots. MRSA ir izturigs ar&ja vidé un var saglabat savu dzivotsp&ju lidz 6
ménesiem (Dumpis u.c., 2007).

Endémiska MRSA situacija izveidojas, kad tiek hospitalizéti jauni MRSA pozitivi
pacienti, kas rada infekcijas talaku izplatiSanos arstniecibas iestade, inficgjot guloSos
pacientus, ka ar1 veicina MRSA izplatiSanos arpus arstniecibas iestades, Sadiem pacientiem
izrakstoties. Tadel visu MRSA ierobezoSanas stratégiju mérkis ir vérsts uz infekcijas
izplatibas ierobezo$anu un citiem pasakumiem, lai tadéjadi samazinatu MRSA izplatibu
starp hospitalizétiem slimniekiem (Taconelli, 2008). So stratégiju bitiba slimnicas
pamatojas uz to, ka vairak neka puse MRSA koloniz&tu pacientu, kuri tiek hospitalizé&ti,
MRSA netiks diagnosticéta, izmeklgjot kliniskos paraugus ar ikdienas izmekleSanas
metodém, bet iztriepes no deguna, adas, bric€m un, iesp€jams, starpenes un kakla, lai
noteiktu MRSA, netiks izmekletas, lietojot selektivo kultivésanu un/vai DNS amplifikacijas
metodes (Brown et al, 2005, Coia et al, 2006, Gemmell et al, 2006, Humphreys 2007).
MRSA nésataju skrinings un infekciju kontrole, lietojot izdalito MRSA celmu molekularo
tipéSanu, ir galvenie pasakumi integrétai MRSA kontrolei un individuala riska novertésanai.
Lielbritanijas vadlinijas ir ieteikts slimniekus parbaudit ikdienas praksé pirms iestaSanas
intensivas aprupes nodala slimnicas, kur MRSA ir endémiska infekcija (Mangram et al,
1999). Endémiskas vietas Francija, kur bija augsta MRSA n&sasanas izplatibas iespgja,
iestajoties intensivas terapijas nodala un radot iespg§jamu MRSA infekciju, 7% no riska
faktoriem bija: vecums vairak par 60 gadiem, no citam nodalam vai slimnicam parvesti
slimnieki, slimnieku, paildzinata hospitalizacija citas nodalas, iepriek$&ja hospitalizacija
nodala saistiba ar kirurgiskam manipulacijam un valgji adas bojajumi.

Lietojot rentablas test€Sanas metodes, tika pieradits, ka vispargjs skrinings un pacientu
izolésana Sajos gadijumos bija lietderiga (Lucet et al, 2003). Lielaka riska pacientu
merktieciga uzraudziba medicinas vai kirurgiskajas nodalas varétu but efektiva esoSo

arsniecibas iestazu resursu izmantoSana. 12 méneSu Italijas multicentra 864 slimnieku

petijuma par iesp&jamo no jauna iegito MRSA nazalo kolonizaciju uz 1000 gultdienam
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saistiba ar dazadu grupu antibakterialas terapijas uzsaksSanu terapiju, novéroja, ka MRSA
nazalas kolonizacijas risks/1000 gultdienam lietoto antibiotiku grupas sadalijas sadi: 8,2
makrolidiem, 7,9 karbapenémiem, 3,2 glikopeptidiem, 3,1 hinoloniem un 3,4 tresas
paaudzes cefalosporiniem. Augstakie raditaji karbapenému lietoSanas gadijuma bija cukura
diabéta slimniekiem un dializes pacientiem (Taconelli, 2008). Uzraudzibas vadlinijas
mediciniskajam un infekcijas uzraudzibas kontroles personalam sniegta informacija kalpo
par kvalitates nodro$inajumu MRSA riska novérSana. Sabiedribas veselibas agentiiras, masu
mediji un valstu valdibas vairakkart ir vérsusas uzmanibu uz draudiem cilvéku veslibai, ko
rada antibiotiku rezistentas baktérijas vispar un MRSA 1ipasi (MacKenzie et al, 2005,
Grundmann et al, 2006). Tomér pastav diskusijas par to efektivitati un vispargjas lietoSanas
noderigumu, jo zinojumi par infekciju nesataju skaita palielinaSanos, ko izraisa sadzivé
iegiitais MRSA un veselibas apriipes iestadé iegttais MRSA, daudzas pasaules vietas ir
radijusas bazas par esoSo kontroles strat€giju izgasanos. Daudzu nacionalo profesionalo
organizaciju un veselibas agentiiru vadlinijas ir propagand€jusas stratégiju virkni, lai
ietvertu MRSA izplatibu veselibas apriipes iestadés un sabiedriba. Sis stratégijas kombing
vispargjas higiénas pamata procediiras, mérktiecigu individu skriningu, nosakot MRSA
nésasanu, un ierosinato infekciju kontroli (Humphreys, 2007). Latvija MRSA infekcijas
ierobezoSanas vadlinijas minétas tris galvenas pasakumu grupas: pirmreiz€jo0 MRSA
infekciju gadfjumu registracija, zinoSana un epidemiologiskas uzraudzibas pasakumu
organizéSana arstniecibas iestade, MRSA infekcijas un kolonizacijas gadijumu identifikacija
un MRSA pozitivo pacientu izolacija, riska grupas pacientu skrinings, iestajoties slimnica.
Ka butiskakie riska faktori epidemiologiskas izmekl&sanas laika atbilsto$i infec€Sanas
vietai min€ti tris: vispargji riska faktori (imunsupresija, cukura diab€ts, hroniski adas
bojajumi), ar hospitalizaciju saistiti riska faktori (ilgstosa hospitalizacija, katetri, kirurgiskas
manipulacijas un plausu maksligd ventilacija, pacienta veselibas stavokla smagums), ar
sadzivi saistiti riska faktori (cieSs kontakts ar lielu cilveku skaitu, atraSanas ilglaicigas

apriipes iestad€s, nodarbosanas ar kontakta sporta veidiem u.c.) (VA Sabiedribas veselibas

agenttra”, 2007).
6.9. S. aureus un MRSA ierosinatas slimibas

Arstniecibas iestade ieglitais MRSA izrsaisa plasa spektra slimibas — adas un zemadas
audu infekciju (Rogolsky, 1979, Curran, Al-Salihi, 1980, Doern et al, 1999), pneimoniju
(Carrillo-Marquez et al, 2011), bakterémiju (Wenzel, 2007), infekciozo endokarditu (Gulati
et al, 2011), stafilokoku toksiska Soka sindromu (Wang et al, 2011), kirurgisko bracu
infekciju, urincelu infekciju, meningitu, ka ari citas lokalizacijas strutainas komplikacijas

(Dumpis u.c., 2007).
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6.9.1. Adas un zemadas strutainas infekcijas — furunkuloze,

celulits, abscess u. c.

S. aureus ierosina plasu adas un miksto audu infekciju spektru no virspus€jiem adas
bojajumiem lidz smagam invazivam infekcijam, kuras arstéjot nepiecieSama kirurgiska
iejaukSanas. Abscess, celulits, folikulits, impetigo ir adas slimibu formas, kuras parasti arsté
ambulatoriski. Karbunkulozi raksturo multipli furunkuli, kas biezak lokalizgjas kermena
augsdala. Jauniem individiem, slimojot ar furunkulozi, iesp&jamas smagas komplikacijas:
pneimonija, fascits, artrits vai pat sepse (Moreillon et al, 2005, Bahrain et al, 2006). S.
aureus producg plasu spektru virulences faktoru, to skaita PVL toksinu, kas ir raksturigs Sl-
MRSA celmiem. Tade] gadijumos, kad iekaisuma arstéSana ir neefektiva, endémiska riska
rajonos un gadijuma, ja individu kolonizgjis S. aureus vai ta meticilinrezistenta forma,
iesp&jamais izraisitajs var bt SI-MRSA. turklat SI-MRSA, salidzinot ar HI-MRSA, ir
vairaki eksotoksinu géni, kas var biit nozimigi, ietekm&jot slimibas kliniskas izpausmes un
smagumu (Tenover et al, 2006). 2001.—2004. gada LosandZelosas regionalaja slimnica tika
veikts pétijums par S. aureus ierosinatiem abscesiem un folikulitiem pacientiem, kuri
mekl&jusi palidzibu slimnicas neatlickamas palidzibas nodala. P&tnieki secindja, ka MRSA
terosinato infekciju skaits §1s grupas pacientiem ir pieaudzis no 29% 2001.-2002. gada lidz
64% 2003.-2004. gada, tendences ir konstantas, izdalitic MRSA producé PLV toksinu, ir
jutigi pret lielako dalu testeéto antibiotiku, Siem celmiem nav klindamicina inducétas
rezistences un tie pieder ASV raksturigajiem SI-MRSA USA 300 8. grupas celmiem, kas
apstiprina SI-MRSA ka etiologisko agentu virspus€ju strutainu adas infekciju gadijuma
(McCaig et al, 2006).

6.9.2. S.aureus ierosinatas brii¢u infekcijas

S. aureus ir biezakais komplicétu miksto audu un nozokomialo briicu infekciju c€lonis
(Smith et al, 1996, Sader et al, 2002, Gessr et al, 2004). Staphylococcus aureus un
Staphylococcus epidermidis var ierosinat virspusé¢jas briicu infekcijas péc aortalas koronaras
bifazes kirurgiskas iejauksanas, turklat tas biezi veidojas, kad slimnieks ir jau izrakstits no
slimnicas. Ar1 miksto audu rajoni ap adatas ievades vietu biezi tiek inficéti ar Siem
mikroorganismiem.

MRSA izraisito miksto audu infekcijas Iimenis dazadas valstis ir atSkirigs. Petjumu
dati ir galvenokart par hospitalizé€tiem slimniekiem ar komplicétiem miksto audu

bojajumiem, kas nepadodas arsté€Sanai ar pirmas linijas antimikrobialajiem preparatiem.
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Viena no Eiropa un ASV veiktajiem pétijumiem (Jones et al, 2003) Staphylococcus aureus
meticilina rezistence svarstfjas no 12,4% Vacija lidz 44,4% ASV. Lielakaja dala Eiropas
valstu raditaji tomér bija ievérojami augstaki neka Vacija (32,4% Spanija, 34,7% Francija
un 41,8% Italija), pie tam Sie MRSA celmi bija rezistenti art pret citam antibiotiku klaseém,
iznemot vankomicinu ar 100% jutibu, dazadu trime-toprim/sulfametoksazola jutibu no
98,3% Francija lidz 84,1% Italija un gentamicina jutibu no 87,8% Francija Iidz 13% Italija.
Ja ilgu laiku MRSA tika uzskatits par nozokomialu patogénu, pédéja desmitgad€ picaug ari
MRSA atradne arpus slimnicas iegiito miksto audu infekciju gadijuma, pieméram, ASV pat
1idz 20% (Eron et al, 2003).

Dazi ASV centri zinoja par MRSA izplatibu pat Iidz 50% (Eady et al., 2003). Ne tikai
MRSA, bet ar1 oksacilina jutigiem S. aureus celmiem sastop rezistenci seviSki pret
hinoloniem (ciprofloksacinu, levoflokscinu) un makrolidiem (eritromicinu). Turklat So
celmu izplatiba nav saistita ar pacienta lokalizaciju. Pieméram, ASV 26% MRSA celmu
intensivas apriipes nodalas bija reizstenti pret eritromicinu, tai pat laika dazas valstis Eiropa
eritromicina rezistenci biezak sastop arpus slimnicas pacientiem: Francija 20,7%, Italija
15,3% un Vacija 14,7% gadijumu (Kenneth et al, 2006). HI-MRSA fenotipiski ir
multirezistents pret antibiotimikrobialajam vielam, ieskaitot visus beta laktamus,
makrolidus, hinolonus un aminoglikozidus.

Galvenie riska faktori HI-MRSA infekciju gadijuma ir atraSanas arstniecibas iestadg,
kontakts ar arstniecibas personam, antimikrobialo preparatu terapija. Pedejo desmit gadu
laika ieveérojami pieaudzis sadzivé iegiito MRSA miksto audu infekciju bieZums
(Deresinski, 2005). Ja agrinas publikacijas aprakstits, ka infekcija biezak sastopama b&rnu
populacija, tagad SI-MRSA sastopams visas vecumu grupas. Sakotngji domaja, ka Sl-
MRSA riska faktori atSkiras no HI-MRSA, bet turpmakie pétijumi paradija, ka riska faktori
nemainas. Vel vairak, SI-MRSA un HI-MRSA tagad ir sastopams gan slimnica, gan arpus
slimnicas, kas apgritina infekciju registraciju (Hidron et al, 2005). Lielaka dala sadzive
iegiitas MRSA infekcijas ir adas un miksto audu bojajumi, tad€] drenaza un antimikrobialo
preparatu terapija So infekciju arsté$anai ir pietickama (Kaplan, 2005).

P&tijumos apstiprinajies, ka vairaku individu tuvs kontakts, pieméram, armijas dalas,
bérnu dienas stacionaros, sportistu grupas, pansionatos u.c., veicina SI-MRSA infekciju
uzliesmojumus. Vel vairak, MRSA infekcija organisma var atri izplatities un izraisit
multiplu organu bojajumu, toksiska Soka sindromu un navi. Sadus gadfjumus laika no 1997.
lidz 1999. Gadam, novéroja Ziemldakotas un Minesotas Stata ASV, kur konstatgja Cetru

bérnu navi, kuras c€lonis bija SI-MRA, kas izraisija sepsi un hematogéna cela nokluva ari
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plausas. Sie SI-MRSA celmi fenotipiski bija multijutigi pret antimikrobialajiem preparatiem
un producgja B vai C stafilokoku enterotoksinu (Centers,1999). Citas sastopamas SI-MRSA
komplikacijas var bat nekrotiz&josa pneimonija un nekrotiz&joss fascits (Gillet et al, 2002,

Klein et al, 2003, Miller et al, 2005, Kaplan et al, 2005).

SI-MRSA prevalence intrahospitaliem un ambulatoriskiem slimniekiem ievérojami
vari€, un viens no So variaciju céloniem ir dazadie veidi ka SI-MRSA tiek definéts un kada
slimnieku populacija tiek pétita. Vairuma pétijumu SI-MRSA definicija pamatojas uz laiku,
cik ilgi péc hospitalizacijas radas infekcija. Jaunakie meta analizes pétijumi par SI-MRSA
prevalenci 21 retrospektivaja pétijuma paradija, ka ir seSas dazadas SI-MRSA definicijas,
ari trijos no pieciem prospektiviem pétijumiem SI-MRSA tika definéts dazadi. Jebkura
gadijuma apkopotie dati paradija, ka retrospektivajos p&tijumos no 5932 pacientiem Sl-
MRSA prevalence bija 30,2% gadijumu (svarstibas 1,9-96%), bet prospektivajos petijumos
(636 pacienti) prevalence bija 37,3% gadijumu (svarstibas 18,2-52,2%). MRSA iegiiSanas
riska faktori bija pacientu nesena hospitalizacija, antibiotiku terapija, ambulatorisko
pacientu vizites, hroniskas pamatslimibas, intravenozo narkotisko vielu lietoSana un
kontakts ar cilvékiem, kam bija augsts iesp&amais MRSA kolonizacijas risks. No
pacientiem, kas atbilda SI-MRSA, 85% bija hospitalizéti pacienti un 48% no veselajiem
cilvekiem bija vismaz viens no iepriek§ minétajiem riska faktoriem. Desmit ambulatoros
petijumos, salidzinot no 3898 pacientiem, kuri tikko iestdjuSies slimnica, atraduSies
ambulatoriskas vai neatlickamas palidzibas nodalas, savaktos izp&tes materialus, secinats,
ka kop&ja MRSA prevalence bija 1,8%. NovéroSanas grupas slimniekiem arpus arstniecibas
iestadém (skolas, dienas stacionaros, veco lauzu pansionatos, armijas dalas) MRSA
prevalence bija 0,76% (Saldago et al, 2003).

SI-MRSA Eiropa atskiriba no ASV vél nav kluvis par prevalento mikroorganismu
(Dryden, 2009). Tomér jaatzimé, ka stavoklis mainas un SI-MRSA gadijumu skaits Eiropa
pieaug (Stefani et al, 2003, Cercenado et al, 2008). P&tijuma viena no lielajam pilsétas
slimnicam 726 pacientiem 24 stundu laika péc iestasanas veica skriningu, nosakot MRSA
iztriep€s no deguna. Rezultati paradija, ka 53 pacienti (7,3%) bija MRSA pozitivi un
119 pacienti (15,3%) bija MRSA pozitivi. No 172 S. aureus celmiem MRSA prevalence
bija 17%. MRSA tipeSana ar pulsgjosa lauka elektroforézi paradija, ka izdalitie MRSA
celmi pieder trim lielam grupam USA300, USA100 un USAS500. 30% no MRSA izolatiem
bija USA300, mecA IV kasete un pozitivs PVL géns, un tie tika izoléti pacientiem saistiba
ar miksto audu infekcijam.

Sis pétijums pieradija ari to, ka HIV seropozitiviem pacientiem MRSA kolonizacijas

risks ir daudz lielaks neka HIV seronegativiem pacientiem (Kenneth et al, 2006).
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6.9.3. Stafilokoku toksiska §oka sindroms

Stafilokoku toksiska Soka sindroms ir reti sastopama stafilokoku infekcijas forma, kas
var veidoties veselam sieviettm menstruaciju perioda (Omoe et al, 2002), bet tagad
stafilokoku toksiska Soka sindromu novéro ari adas infekcijas, intravaskularu katetru
infekcijas un virusu pneimonijas gadijuma, kas ir S. aureus infekcijas radita komplikacija.
Sie S. aureus celmi producé TSST-1 (Lina et al,1999, Lina et al, 2004). Literatiira ir
aprakstiti gadijumi, kad stafilokoku toksiska Soka sindroms ir novérots pacientiem ar Sl-

MRSA (Matsuda et al, 2003).

6.9.4. Infekciozais endokardits (IE)

S. aureus ir viens no biezakajiem infekcioza endokardita ierosinatajiem, un MRSA
parasti ir saistits ar pacienta atrasanos arstniecibas iestadé (Cabell C. H. et al, 2002, Fowler
et al, 2005, Benito et al, 2010). Vairakos savstarp&ji neatkarigos pétijumos, aprakstiti MSSA
un MRSA infekcioza endokardita ierosinatdji hemodializes pacientiem. Viena no
petijumiem, kur analiz&ti 22 S. aureus ierosinata infekcioza endokardita gadijumi, 16 no
tiem ierosinaja MRSA un mirstibas procents $aja pacientu grupa sasniedza 90%. Lai ar1
lielaka dala infekciju bija saistitas ar slimnieka hospitalizaciju, tris gadijumos diagnosticéts
SI-MRSA (Kuo et al, 2007). Lidziga pétijuma, kura tika analiz&ti infekcioza endokardita
gadijumi hemodializes pacientiem 15 gadu laika, MRSA slimnieku mirstiba sasniedza 100%

(Chang et al, 2004).

6. 9.5. S. aureus bakterémija

S. aureus ir viens no biezak sastopamajiem bakterémijas ierosinatajiem ar tendenci
pieaugt MRSA izolatu ipatsvaram (Naber, 2008). S. aureus bakterémija var but smagu
sekundaru slimibu c€lonis, kuru daZreiz ir gruti identificét. 1994.-1999. gada prospektiva
petijuma, ka primaro izveloties pozitivu asins uzséjumu, un talaka p&tijuma gaita 12 nedelas
noverojot 724 pacientus pec Cetru risku prevalences, secinats, ka Siem pacientiem: infekcija
iegiita sadz1ve, radusas adas parmainas, kas liecina par akiitu sist€mas slimibu, konstatéta ari
persistgjoSa temperatiira 72 stundas un pozitivs asins uzs€jums Sai perioda. Autori nonaca
pie secindgjuma, ka 12% gadijumu osteomielits, 7,5% gadijumu septisks artrits, 5,7%
gadijumu dzilo audu abscess un 3% gadijumus vertebralais osteomielits bija S. aureus

bakterémijas komplikacija (Fowler et al, 2003). Citas S. aureus raditas bakterémijas
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komplikacijas ieklauj akiitu izpausmi 48 stundu laika p&c hospitalizacijas un metastatiskus
infekcijas peréklus dazados organos un audos, kuri var kliniski izpausties pat Cetras ned€las
péc tam, kad diagnosticeta S. aureus bakterémija.

Pie akiitam komplikacijam pieskaitams septisks Soks un diseminéta intravaskulara
koagulacija (Libman et al, 1984). 1-53% gadijumu S. aureus bakterémijas gadijuma
sastopami metastatiski infekcijas perékli dazados organos un audos (Lautenschlager et al,
1993). Riska faktori So komplikaciju gadijuma ir nezinama lokalizacijas vieta, arpus
slimnicas iegiita infekcija, ka arT ar iesp&jamo infekcijas vietu neasoci€ta bakterémija
(Hedstrom et al, 1983, Finkelstein et al, 1984, Gémez et al, 1990). Visbiezak metastazes
lokalizgjas kaulos un locitavas, plausas, nier€s, centralaja nervu sist€ma un uz adas. 22-99%
gadijumu veidojas metastatisks infekciozs endokardits (Cooper et al, 1982, Julander 1985).
Pieméram, Lielbritanija, katru gadu zino par apm&ram 12 500 S. aureus ierosinatiem
bakterémijas gadijumiem, kad mirstiba sasniedz lidz 30% (Thwaites et al, 2011), turklat
MRSA bakterémija, salidzinot ar S. aureus bakterémiju, ir saistita ar lielaku naves risku
(Naber, 2008).

Eiropa MRSA izolatu skaitam bakterémijas gadijuma ari ir tendence pieaugt (EARSS,
2005). Sis pieaugums ir saistits ar daudziem faktoriem: iespgjamu primaras infekcijas vietas
lokalizaciju, vecumu vairak par 50-60 gadiem, pneimoniju, kardiovaskularu pamatslimibu,
neirologisku slimibu, septisku Soku, intravaskularo katetru. S. aureus bakterémija ir
galvenokart intrahospitala infekcija pat Iidz 85% no visam intrahospitalajam infekcijams
(Libman et al, 1984, Mylotte et al, 1987). Tai pat laika ka pieaugoSu problému novéro
MRSA virulento celmu sadzivé iegiito S. aureus izraisitu bakter€miju skaita picaugumu
(Liassine et al, 2004, Boyle-Vavra et al, 2007). No 1969. 1idz1981. gadam tikai trijos
zinojumos paradas informacija, par to, ka Iidz 4% S. aureus izraisitu bakterémiju bija
MRSA, bet jau 1980.-1991. gada septinos zinojumos ir norade, ka MRSA prevalence S.
aureus izraisitas bakterémijas gadijuma ir pieaugusi no 1 lidz 26%. Plasaka invazivo
procediiru, prot€Zu un intravaskularo katetru lietoSana ir viens no bakterémiju gadijuma
skaita pieauguma c€loniem (Petti et al, 2003).

Viens no zinamiem S. aureus izraisitas bakterémijas primarajiem avotiem ir
intravaskularie katetri. Perifériski ievietotie centralo vénu kateri un tunnel katetri 32-67%
gadijumu ir S. aureus izraisitas bakterémijas c€lonis. Citos pétijjumos ar katetriem saistitas
S. aureus bakterémijas minétas 16-20% gadijumu (lannini et al, 1976, Raad et al, 1992,
Malanoski et al, 1995). 7-36% gadijjumu periferiskie venozie katetri, 9% gadijumu

femoralie arterialie Sunti un 9% gadijumu perkutanie hemodializes katetri var biit S. auerus

45



bakterémijas c€lonis. Ar Hickman Katetriem un venozajiem disku katetriem saistitas
S. aureus bakterémijas biezak ir sadzivé iegiitas un saistitas ar intravenozas terapijas
dazadibu ambulatoriskiem HIV pacientiem. Citas centralo venozo katetru infekcijas
galvenokart ir intrahospitalas un reti saistitas ar HIV (Malanoski et al, 1995). Tomér ar
katetriem saistito S. aureus bakterémiju diagnostika var biit sarezgita un katetru izraisitas
sepses un citu septisku sindromu diferencialdiagnostika var palidzet viss klinisko parametru
kopums (Malanoski et al, 1995). S. aureus izraisitas bakterémijas epidemiologijas
parmainas un MRSA prevalence saistita ar lielaku mirstibu Saja grupa, kas liecina par

nepiecieSamibu pilnveidot un uzraudzit infekciju kontroli $ai joma (Naber, 2008).

6.9.6. Stafilokoku pneimonija

llgu laiku S. aureus ierosinata pneimonija tika uzskatita par sadzivé ieglitu retu
slimibu, kas sastopama 2-5% gadijumu no sadziv€ iegiitam gripas pneimonijam (Rebhan et
al, 1960). Pedgjos gados stafilokoku pneimonija ir kluvusi par klinisku problému un saistita
ar MRSA diseminaciju arstniecibas iestadés un sabiedriba (Rubinstein at al, 2009). Pedgjos
desmit gados 20-40% gadijumu visas S. aureus izraisitas pneimonijas ir saistitas ar
maksligo plausu ventilaciju un intrahospitalo pneimoniju, kuras visbiezakais izraisitajs
mikooorganisms bija MRSA ar I-111 SCCmec tipu (Rubinstein et al, 2009). 2002.—2004.
gada ASV veiktaja petjuma 8,9% sadzivé iegiito pneimoniju, 22,9% intrahospitalo
pneimoniju un 14,6% ar maksligo plausu ventilaciju saistito pneimoniju ierosinatajs bija
MRSA (Rubinstein, Kollef 2009). Eiropa izmainas bija vél pasteidzoSakas. Piem&ram,
Spanija, intrahospitalo pneimoniju apjoms no 2% 1974. gada pieaudzis 1idz 50% 1997. gada
(Pujol et al, 1998, Germaud et al, 199). Jaatzimé, ka gadijumos, kad MRSA izraisitas
pneimonijas bija saistitas ar maksligo plauSu ventilaciju, maksligas plauSu ventilacijas
ilgums, salidzinot ar citas etiologijas pneimonijam, ievérojami pieauga (Hawkes et al,
2007).

6.10. Sadzive iegiita MRSA raksturojums

Globala rezistento bakteriju izplatiba ir nopietna sabiedribas veselibas probléma.
Sakotngji izplatijies slimnicas visa pasaule, MRSA paslaik jau kluvis par nozimigu ari
sadzivé iegistamu patogénu. Sis izmainas MRSA epidemiologija attistas lidzigi
penicilinazes producgjoso S. aureus celmu izplatibai no slimnicam sadzive, sakot no 1940.-

1950. gadiem, kad penicilins bija efektivs pretstafilokoku preparats un tade] plasi
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rekomendéts S. aureus izraisitu infekciju arstéSana. SeSu gadu laika péc penicilina
ievieSanas arst€Sana apméram 25% slimnicu S. aureus celmi bija penicilina rezistenti. P&c
divam desmitgadeém jau 25% no sadzivé sastopamajiem S. aureus celmiem bija penicilina
rezistenti (Chambers, 1997).

SI-MRSA izplatibas celi ir atskirigi no HI-MRSA izplatibas celiem. Tas izplatas cieSa
kontakta cela starp cilvékiem. Ir aprakstiti adas un zemadas infekciju uzliesmojumi kontaka
sporta veidu komandas un b&rnudarzos, ka ari nov€rota mikroorganisma parne$ana no
pacienta uz medicinisko personalu. SI-MRSA riska faktori ir adas trauma, palielinata
kermena masa, kosmétiska kermena skiiSana, ka arT kop&jas lietoSanas trenazieri un citas
ierices. Rezultata, lietojot antistafilokoku preparatus meticilinrezistento S. aureus celmu
izraistto infekciju arstéSana, var palielinaties neefektivas terapijas un mirstibas pieauguma
risks (Chambers, 1997).

Pazimes, kas atSkir HI-MRSA celmus no SI-MRSA, ir hospitalo riska faktoru
neesamiba, jutiba pret lielako dalu antimikrobialo vielu, iznemot beta laktamus, atSkirigi
genotipi, kas nesakrit ar biezak atrasto hospitalo celmu genotipiem, IV vai V tipa SCCmec
kasete, kas reti sastopama nozokomialajiem celmiem, un géni, kas kodé Pantona — Valentina
leikocidina toksinu (Shukla et al, 2004). Lai gan jutiba pret lielako dalu antibiotiku ir viena
no SI-MRSA raksturigajam paSibam, ir registréti ari iznp@mumi. Piem&ram, celms 01083
bija rezistents (Okuma et al, 2002) pret Cetram antibiotikam, kas neietilpa beta laktamu
grupa. SI-MRSA celmi auga daudz atrak par hospitalajiem celmiem. Salidzinosi lielais
augSanas atrums varbit ir priekSnosacijums tam, lai SI-MRSA varétu veiksmigi kolonizet
cilvéka organismu, izkonkurgjot citas bakterijas (Okuma et al, 2002). Nav vienota viedok]a
par SI-MRSA izcelsmi. P&c vienas teorijas tie ir intrahospitalo celmu savvalas pecteci. Tada
gadijuma Sie celmi ir ievérojami mainijusies, zaud€jot lielu dalu rezistences génu.

SI-MRSA celmi var rasties divos veidos — hospitalie celmi var nonakt arpus medicinas
iestades, kur tie izplatds no individa uz individu, vai ari tie var rasties de novo,
meticilinjutigam S. aureus celmam uznemot meticilina rezistences gé€nu kompleksu. Otra
teorija ir, ka Sie celmi ir attistijuSies horizontala meticilina rezistences géna parnesSanas cela
pirms tam jutigiem izolatiem. Tadgjadi, domajams, ir attistijjusies penicilinazes mediéta
S. aureus rezistence pret penicilinu sadziveé iegiitajiem celmiem. Atskiriba no penicilinazes,
meticilina rezistences determinante ir hromosomali kod€ta, un tadél §ada parneSanas iespé&ja
ir relativi neliela. Iesp&jams, ka SI-MRSA ir radies ka sada reta parneSana no nozokomiala
donora jutigam recipientam. Jebkura gadijuma neatkarigi no izcelsmes avota HI-MRSA un

SI-MRSA tagad sastopami slimnica un arpus tas. SI-MRSA, ari MRSA var kolonizet
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saimnieka organismu Joti ilgu laika periodu pirms infekcijas izraisiSanas. HI-MRSA
kolonizacija parasti norit nediagnostic€ta un var izraisit infekciju pat vairakus ménesus péc
izrakstiSanas no slimnicas, kad pacients jau atrodas sabiedriba, tad€] ir griiti noteik
SI-MRSA.

Dazadiem autoriem atSkiras, pieme&ram, sadzive iegiitu izolatu defingjums parasti tiek
balstits uz MRSA izolacijas laika attiecibu pret hospitalizacijas laiku. Rezultata lielaka dala
uz SI-MRSA attiecinato gadijumu ir saistiti ar nesenu tieSu vai netieSu veselibas apripi,
pieméram, hospitalizaciju, majas viziti, klinikas apmekléjumu, antibiotiku terapiju,
hroniskam slimibam vai cieSu kontaktu ar Siem riska faktoriem paklautu personu, kas
liecina, ka SI-MRSA celmi parasti ir multirezistenti. Otra tipa SI-MRSA celmi, kas ir izol&ti
no pacientiem, kuriem nav zinama saskare ar veselibas apripes iestadém un to
darbiniekiem, ir jutigi. Pirmie SI-MRSA tika izoléti no minoritattm un nelabvéligas
sabiedribas dalas individiem, ta¢u vélak tie tika izol&ti jau arT no labklajigas sabiedribas
parstavjiem, skolniekiem, sportistiem, jauniesauktajiem kareivjiem un citu noslégtu
kolektivu locekliem (Charlebois et al, 2004, Munckhof et al, 2009).

Viena no galvenajam SI-MRSA pazimém ir PVL toksina producéSana. PVL ir divu
komponentu citotoksins, kas veidots no divam polipeptidu kédém LukS-PV un LukF-PV,
kuram, saskanoti darbojoties, tiek bojata leikocttu membrana (Sussman, 2002). y toksina
lokuss ekspresé trTs polipeptidus, no kuriem divi — HIgA un HIgC — ir atbilstosi LukS-PV,
bet HlgB ir lidzigs LukF-PV. Gandriz 99% izolatu ir hlg lokuss, tacu tikai 2% izolatu ir luk
lokuss, un tie producé PVL toksinu. Jaunakajiem izolatiem var bat vienlaicigi gan hlg
lokuss, gan luk lokuss, un tie var producét tris S-proteinus (LukS-PV, HIgA un HIgC) un
divus F-proteinus (LukF-PV un HIgC). Katrs S-proteins var kombinéties ar katru no
F-proteiniem, radot seSas biologiski aktivu toksinu kombinacijas PVL toksinu
producgjosiem celmiem un divas biologiski aktivas kombinacijas celmiem, kuriem ir tikai
hlg lokuss. Katra vieniba atseviski nav toksiska.

Viens no galvenajiem PVL toksina darbibas efektiem ir endogéno kalcija jonu kanalu
aktivésana (Colin et al, 1996). Sis toksins veicina arT smalku poru veidoanos, kas lauj brivi
caurplist mazam molekulam un tdenim. Injic€jot So toksinu intradermali truSiem, radas
iekaisuma process, kas savukart radija kapilaru paplasSinasanos, hemotaksi un adas nekrozi.
Ir novérota PVL negativu S. aureus celmu lizogéniska konversija tokstnu producgjosos
celmos (Zetola et al, 2005). Pedgja laika PVL ir izraisijis lielu interesi, nemot véra ta
saistibu ar b&rnu un jaunu cilvéku saslimSanu, nesaskaroties ar arstniecibas iestadém. ASV

ir konstateti adas infekciju uzliesmojumi homoseksualu cilveku, ieslodzito un art skolnieku
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vidl. Lidzigi zinojumi ir sanemti par ar PVL saistitam adas infekcijam homoseksualistu
sabiedriba Niderlandé (Wannet W. 2003), skolniekiem Sveicé (Boubaker et al, 2004) un
veselibas apriipes personalam Skotija (Scottich, 2002).

Vissatraucosakais ir fakts, ka pieaug tadu gadijumu skaits, kad PVL pozitivie celmi ir
saistiti ar sadzivé iegiitu nekrotisko pneimoniju. PVL producg€joso S. aureus saistibu ar
sadziv€ ieglito pneimoniju pirmoreiz aprakstija zinatnieks Lina G. , kas izstradaja ari PKR
PVL génu noteikSanai (Lina et al, 1999) un, apstiprinot iepricksgjos pétijumus, kas veikti ar
dubulto imiindifuizijas metodi, pieradija, ka PVL géni ir loti cieSi saistiti ar primarajam adas
infekcijam, pasi, furunkulozi (Holmes et al, 2005). PVL génus visa pasaulé izmanto ka
markieri SI-MRSA celmu identificésana. Rezultata, empiriski arstgjot sadzive iegiitu MRSA
infekciju un lietojot antistafilokoku preparatus meticilinrezistento celmu izraisito infekciju
arstéSana, var palielinaties neefektivas terapijas un letalitates piecauguma risks (Chambers,
1997). Rezistences attistiba pret penicilinu, meticilinu un vankomicinu antibiotiku selektivas
iedabibas rezultata ir nenoversams fakts. Tad€] jautajums ir nevis par to, ka rezistence
radusies, bet gan par to, ka ierobeZot rezistences attistibu, un viens no veidiem ir biitisi
samazinat atibiotiku ietekmi, kas veicina rezistento celmu selekciju slimnicas un sadzivé

(Holmes et al, 2005).

6.11. MRSA izplatiba pasaulée

Ar nelieliem izp@mumiem MRSA ir bieZakais pret antimikrobialajiem preparatiem
rezistentais izdalitais mikroorganisms Eiropa, ASV, Afrikas ziemelu dala, Vidgjos
Austrumos un Tuvajos Austrumos (Diekema et al, 2000). 1997. gada tika izveidots
SENTRY antimikrobialas rezistences uzraudzibas tikls, kura vispirms iesaistijas arstniecibas
iestades no ASV, Kanadas, Dienvidamerikas un Eiropas, lai pétitu biezakos intrahospitalos
un sadzive ieglitos invazivos patogénus. Pirmo 12 ménesu rezultati paradija, ka S. aureus ir
viens no biezak izdalitajiem patog€niem asinis.

Augsti oksacilina rezistences raditaji S$aja laika perioda bija ASV — 26,9%,
Latinamerika — 29,2% un Kanada — 4,0% no visiem izdalitajiem S. aureus izolatiem (Pfaller
et al, 1999). 1998. gada 12 ménesu laika S. aureus nemainigi bija biezak sastopamais
patogéns asinis, bet ASV un Kanada procentuali picauga MRSA izolatu skaits (Diekema et
al, 2000). Neskatoties uz to, ka kopuma SENTRY antimikrobialas rezistences uzraudzibas
tikla ieklauto dalibvalstu un slimnicu skaits pieauga, laika no 1997. lidz 1999. gadam

pacientiem ASV, Kanadas, Latinamerikas Eiropas slimnicas S. aureus nemainigi bija biezak
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izdalitais patogeéns bakterémijas (Pfaller et al, 1998), adas un miksto audu infekciju (Doern
et al, 1999) un pneimonijas gadijuma (Sader et al, 1998) gandriz visas minétajas valstis
(Diekema et al, 2001). Kopuma laika no 1997. lidz 1999. gadam no SENTRY
antimikrobialas rezistences uzraudzibas tikla ieklautajam veselibas apriipes iestadém 15 439
pacientiem ar bakterémiju adas un miksto audu infekciju, apaks€jo elpcelu un urincelu
infekciju tika izdalits S. aureus.

MRSA izolatu prevalence SENTRY antimikrobialas rezistences uzraudzibas tikla
ieklautajas valstis ievérojami svarstijas atkariba no atrasanas vietas: Rietumu Okeanijas
regiona — 46%, ASV — 34,2%, Latinamerika — 34,9%, Eiropa — 26,3%. Ievérojami zemaki
raditaji bija Kanada — tikai 5,7%. Augstakais MRSA T1patsvars no S. aureus ierosinatajam
infekcijam, salidzinot ar sadzivé iegiitajam infekcijam, bija pacientiem ar pneimoniju un
intrahospitalajam infekcijam (Diekema et al, 2001).

P&ttjuma rezultati pierada, ka izdalitie MRSA celmi bija rezistenti ne tikai pret visam
beta laktama antibiotikam, bet arT pret citiem antimikrobialajiem preparatiem, kas ir
raksturigs MRSA intrahospitalajiem celmiem. 6.11.1. tabula redzami 1997.-1999. gada
SENTRY antimikrobialas rezistences uzraudzibas tikla ieklauto regionu MRSA
antimikrobialas rezistences rezultati, attiecinot pret citam grampozitivo infekciju gadijumos
lietotajiem antimikrobialajiem preparatiem.

6.11. 1. tabula.
SENTRY antimikrobialas rezistences uzraudzibas tikla ieklauto regionu meticilinrezistento

S. aureus antimikrobialas jutibas rezultati 1997.-1999. gada
(n-4788). Adaptets pec (Diekema et al, 2001).

Regioni GEN | RIF | CIP | TET | CC | ERY | STX Vidgja
koorezistence

Amerikas
Savienotss Valstis | 325 | 77 | 886 | 156 | 72 | 927 | 260 3,5(3)
Kanada 259 | 49 | 605 | 148 | 630 | 753 | 16,0 2,7(3)
Latinamerika 91,2 | 234 | 896 | 638 | 880 | 930 | 654 5,7 (6)
Eiropa 717 | 444 | 895 | 572 | 735 | 826 | 230 4,5 (5)
doalizﬁmla rietumu 74 1045 881 | 820 | 793 | 947 | 358 47 (5)

S. aureus meticilina rezistence ievérojami varigja starp dazadam valstim ar1 Eiropa.
1997.-1999. gada S. aureus meticilina rezistence svarstijas no 2% Sveicé un Niderlandé lidz
54,4% Portugale (Diekema et al, 2001). Par kop&jo Eiropas S. aureus meticilina rezistenci

lidz 1999. gadam, kad saka veidoties Eiropas Antimikrobialas uzraudzibas tikls, literattira
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nav daudz datu. Salidzinot 1990. gada public€tos datus par Eiropas valstim péc SENTRY
antimikrobialas rezistences uzraudzibas pétijuma rezultatiem, var secinat, ka MRSA no
12,8% (Voss et al, 1994) 1994. gada bija pieaudzis lidz 26,3% 1999. gada (Diekema et al,
2001). 2001. gada Eiropas Savienibas dalibvalstu sanaksmé Visbija (Zviedrija) tika
pienemts 1€mums 1999. gada Holandé izveidoto vienoto invazivo infekciju izraisitaju
antimikrobialas rezistences uzraudzibas sist€mas modeli un izmekl&Sanas protokolu ieviest
citas Eiropas Savienibas valstls nacionala limeni un izveidot Eiropas Antimikrobialas
rezistences uzraudzibas tiklu (EARSS) (EARSS Annual Report, 2005).

Laika no 1999. gada lidz 2003. gadam péc EARSS datiem MRSA izolatu ipatsvars
asints Eiropa bija 21% no visiem asinis izdalitajiem S. aureus. Saglabajas liela atSkiriba
starp Eiropas ziemelu dalas valstim, kuras MRSA izolatu 1patsvars bija mazaks par 1%,
Centraleiropa tas bija 5-20% un visaugstakie raditaji bija Eiropas dienvidu rajona valstis
30-40%. 2004. gada, kad Latvijas slimnicas un laboratorijas iesaistijas Eiropas
Antimikrobialas uzraudzibas tikla, vidgjais MRSA T1patsvars Eiropa no visiem asinis
izdalitajiem S. aureus pieauga lidz 24%, bet attieciba Eiropas regionos nemainijas (EARSS
Annual Report, 2004). Saja laika perioda S. aureus rezistence salidzinosi viszemaka bija
pret rifampicinu un visaugstaka pret ciprofloksacinu. 2005. gada EARSS zinoja par MRSA
svarsttbam no 0% Islandé 1idz 61,4% Rumanija (EARSS Annual Report, 2005). 2006.—
2007. gada Eiropa pusei EARSS tikla dalibvalstu MRSA proporcijas no visiem zinotajiem
invazivajiem S. aureus asinis bija vairak par 25% un nemainigi $ads rezultats no
Centraleiropas valstim bija Lielbritanija un Irija (EARSS Annual Report, 2008).

Ziemelvalstu un Igaunijas MRSA proporcionalais Itmenis bija salidzinos$i nemainigs,
un 2006. gada ar1 Lietuva MRSA proporcija no visiem zinotajiem invazivajiem S. aureus
asinis bija ievérojami zemaka un sastadija 12%. No Baltijas valstim tikai Latvija tika veikta
no asinim izdalito MRSAizolatu apstiprinaSana ar molekularam metodém, tade] rezultati
nav salidzinami ar Lietuva un Igaunija iegiitajiem datiem. Tai pat laika ASV Antibiotiku
uzraudzibas tikls (TSN) 2005. gada zinoja par MRSA izplatibas biezumu attiecigi 59%,
55%, un 48% neintensivo nodalu, intensivo apriipes nodalu un ambulatoriskajiem
pacientiem (Styers, 2006). 2006. gada pirmoreiz EARSS datu bazg tika apstiprinati devini
méreni jutigi glikopeptidu S. aureus izolati Belgija, Francija, Lielbritanija un Irija, bet
2007.-2008. gada ar1 divi glikopeptidu (vankomicina) rezistenti S. aureus celmi Austrija.
MRSA biezak bija sastopami intensivas terapijas nodalas ari citas valstis, izp€mumi bija
Francija, Izraéla, Irija, Portugale un Malta, kur MRSA un S. aureus celmu proporcionalas

attiecibas bija Iidzigas. Tas izskaidrojams ar Sajas valstis tradicionalu pieeju plasi lietot
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invazivas intravaskularas procediiras ari citu terapijas nodalu pacientiem (EARSS Annual
Report, 2005).

Var teikt, ka dazadas Eiropas valstis laika perioda no 1999. lidz 2009. gadam MRSA
patsvars procentuali svarstijas no mazak ka 1% lidz vairak ka 50% no visiem izdalitajiem
invazivajiem S. aureus izolatiem asinis. Nemainigi Eiropas dienvidu regiona valstis Sie
rezultati bija augstaki un, piem&ram, Malta un Portugalé, parsniedza 50% no visiem S.
aureus izolatiem. Paréjas Eiropas valstis MRSA proporcionalas attiecibas ar nelielam

svarstibam kopuma saglabajas nemainigas.

6.12. MRSA ierosinato infekciju arstéSana

MRSA ierosinatas invazivas infekcijas: persistg§joSa bakterémija, nekrotiz€joSa
pneimonija, osteomielits un citas dzili lokalizetas infekcijas ir saistitas ar augstiem mirstibas
raditajiem un biezi vien ir griiti arst€jamas. Idealas antibiotikas pret MRSA nav, bet ka
antimikrobialai vielai tai jaatbilst S$adam prasibam: janodro$ina atra baktériju boja eja, jabut
labai penetracijai audos, konstantai antibiotikas farmakodinamikai un farmakokinétikai, lai
varétu paredzet lietojamas devas, zemai rezistences attistibas iespgai terapijas laika,
kliniskai un mikrobiologiskai $is antibiotikas efektivitatei (Ngyen Graber, 2010). Lidz $im
vankomicins ir izvéles medikaments MRSA infekciju arstéSana. Lai gan vankomicinu
monoterapija MRSA infekciju arstéSana lieto jau vairak neka 50 gadus, paradas zinojumi
par §is antibiotikas neefektivitati (Deresinski, 2007). Vankomicinam ir vairaki trokumi, kas
var ietekm@t arsteéSanas efektivitati persist€josas bakterémijas gadijuma. Pirmkart, lai ari
vankomicinam ir bakteriocida iedarbiba, ta ir atkariga no MRSA izolata 1pasibam, MBC:
MIC attiecibas, mikroorganisma polimorfisma un (agr) regulatora ge€na iesp&jamam
funkcijas izmainam (Jones, 2006).

P&tijuma ASV no 900 asinim izdalitajiem MRSA 181 izolatam noveéroja “toleranci”
pret vankomicinu, defin€tu ka MBC:MIC attiecibu > 32. Otrkart, lai arT vankomicina
rezistenci novero galéji reti, pieaug zinojumu skaits par vankomicina MIC paaugstinasanos
laika (creep), kaut arT rezultati in vitro ir jutibas robezas < 2 mg/L (CLSI), ka arT arstéSanas
divi VRSA celmi ar MIC > 32mg/l vankomicinu saistiba ar van A génu plazmidas (Rybak et
al, 2000, Dancer et al, 2003). Ir vairaki zinojumi par VISA MRSA celmiem ASV, Eiropa,
Brazilija ar MIC 8 mg/l (Weaver, Patte, 1964, McAleese et al, 2006). Sajos gadijumos

vankomicina terapija var biit neefektiva saistiba ar zemo vankomicina koncentraciju audos,
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jo infuza terapija un vankomicina injekcijas lidz 2 g/diena nepalielina ta koncentraciju
audos — virs 2-3 mg/l plausas un 5 mg/l ada un mikstajos audos. Treskart, vankomicina
lietoSana ir limitéta, jo, lietojot lielakas devas, iesp&jams nefrotoksisks efekts (Ngyen
Graber, 2010). Ceturtkart, plasa vankomicina lictoSana veicina vankomicina rezistento
E. faecium, E. faecalis un citu mikroorganismu izplatiSanos (Uttley et al, 1989, Ruoff
et al,1988).

Linezolids ir pirmais oksazolidinonu preaparats, kas nomac $iinas proteinu sint€zi
ribosomala Itment un kuram var biit bakteriostatiska vai bakteriocida iedarbiba atkariba no
dazadiem apstakliem (Burkhardt et al, 2007). Linezolids ir aktivs pret grampozitivajam
bakterijam, to skaita pret MRSA. Var tikt ordingts per oS vai intravenozi. Linezolids tiek
metabolizéts aknas un 30% izdalas ar urinu. No linezolida blakus efektiem novéro
mielotoksicitati, kas izpauzas ka trombocitopénija pacientiem, kurus arsté ilgak par 14
dienam, un neirotoksicitate (Bouza, 2009).

Linezolids varétu but izv€les preparats MRSA gadijuma ar maksligo ventilaciju
saistitiem pacientiem. Multicentru pétijuma 203 pacientiem ar intrahospitalo pneimoniju
intravenozi tika noziméts linezolids 600 mg/d x 2 kombinacija ar aztreonamu un 193
pacientiem intravenozi tika noziméts vankomicins 1 g x 2 ar azetronamu 7-21 dienas ilga
terapijas kursa. Klinisko un mikrobiologisko efektivitati vértgja 12.-28. arstéSanas diena,
kas bija efektiva, bet nenovéroja linkomicina priekSrocibas, salidzinot ar vankomicinu
(Rubinstein et al, 2001). Ari citu pétijumu dati apstiprina piepémumu, ka linezolidam,
salidzinot ar vakomicinu, terapija nav priekSrocibu (Stevens, 2002). Par linezolida lietoSanu
bakterémijas gadijuma ar katetriem saistitu bakterémiju un infekcioza endokardita terapiju ir
maz datu (Bouza, 2009).

Daptomicins ir cikliskais lipopeptids, kur§ péc literatiiras datiem ir efektivs gram-
pozitivo baktériju, to skaita MRSA arstésana, bet Latvija nav registréts (Fluit et al, 2004).

Tigeciklins ir jauns tetraciklina derivats un pirmais gliceklins, ko FDA 2005. gada
apstiprindja lietoSanai. Tigeciklins piesaistas 30S subvienibai bakteriju $tina un bloke
aminoacil tRNS ieklusanu ribosoma A vieta. Pieejams tikai intravenoza forma, in vitro
aktiva pret gramnegativajam un grampozitivajam bakterijam, to skaita MRSA. Ari
tigeciklinam nav noveérotas prieksrocibas, salidzinot ar vankomicina terapiju kombinacija ar
aztreonamu MRSA ierosinato kirurgisko briicu infekciju arstéSana (Breedt et al, 2005,
Sacchidanand et al, 2005). Turklat tigeciklina lietoSanai iesp&ami tadi gastrointestinala

trakta darbibas raditi blakus efekti ka slikta diiSa, vemSana un diareja.
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7. MATERIALI UN METODES

7.1. Darba metodologija

Pétijums strukturéts Cetras apakSsadalas.

7.1.1. MRSA gadijumu izpéte PSKUS 2004. —2010. gada

Laika periods: 2004. — 2010. gads.
P&tijuma objekts: pacienti ar pirmreizgji laboratoriski apstiprinatu MRSA.
P&tijuma populacija: hospitalizetie pacienti.
Analizgetie raditaji
e MRSA intensivie raditaji 2004. —2010. gada, izmantojot gultdienu skaitu.
e MRSA gadijumu sadalijums slimnicas nodalas.

e MRSA n@sataju patsvars.

7.1.2. MRSA asins paraugu analize PSKUS

Laika periods: 2004. —2010. gads.
Petijums objekts: pirmreiz€js hospitalizéta pacienta pozitivs asins paraugs.
P&tijuma populacija: hospitalizeéti pacienti.

Analizetais raditajs: MRSA 1patsvars no visiem S. aureus, kuri izdaliti no asinim.

7.1.3.No asinim izdalito MRSA izplatiba Latvija 2004. —2009. gada, salidzinot
ar Eiropas Antimikrobialas rezistences uzraudzibas tikla dalibvalstis

izdalito MRSA izplatibu

Laika periods: 2004.—2009. gads.
Daliblaboratorijas:
— Paula Stradina kliniskas universitates slimnicas Centrala laboratorija.
— Bérnu kliniska universitates slimnicas Mikrobiologijas laboratorija.
— Rigas Austrumu kliniska universitates slimnicas Mikrobiologijas laboratorija.
— Valsts agentiira ,,Latvijas infektologijas centrs” Mikrobiologijas laboratorija.
— Valsts agenttras ,,Latvijas infektologijas centrs Tuberkulozes un plausu

klinikas ,,Mikrobiologijas laboratorija.
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— Rigas 1. pilsétas slimnicas Mikrobiologijas laboratorija.
— Rigas dzemdibu nama Mikrobiologijas laboratorija.
— SIA ,,Centrala laboratorija”.
—  Vidzemes slimnicas Mikrobiologijas laboratorija.
— Daugavpils regionalas slimnicas Mikrobiologijas laboratorija.
—  Ziemelkurzemes regionalas slimnicas Mikrobiologijas laboratorija.
— Liepajas regionalas slimnicas Mikrobiologijas laboratorija.
P&tijuma objekts: pirmreizgjas S. aureus mikroorganismu kultiiras no asintm.
P&tijuma populacija: ar arstniecibas iestadi saistiti pacienti.
Analizetie raditaji:
1. Informacija par uzraudzibas tikla daliblaboratorijam un slimnicam atbilstosi
EARSS metodologijai (1. pielikums).
2. No asinim izdalito S. aureus izolatu test€Sanas rezultati atbilstosi EARSS
izmeklésanas protokolam (2. pielikums).
3. MRSA atlase analizei Eiropas Antimikrobialas rezistences uzraudzibas tikla: pec
vienota EARSS protokola visi pirmreizgjie no asinim izdalitie S. aureus un MRSA no 2004.
lidz 2009. gadam. Atlases gaita netika ieklauti 2010. gada izdalitie S. aureus un MRSA

izolati, jo centralizéta datu apstrade notiek nakama gada otraja pusgada.

7.1.4. MRSA izolatu fenotipiska un genotipiska analize

Laika periods: 2004.—2010. gads.

P&tfjuma izpildes vieta: PSKUS Centrala laboratorija.

Petijums objekts: nejausi izveleti MRSA izolati no PKUS Centralas laboratorijas

izolatu kolekcijas.

Analizetie raditaji:

— MRSA un S. aureus izolatu fenotipiskas un genotipiskas pasibas.

HI-MRSA izolatu atlase fenotipiskai un genotipiskai analizei:

— 1zveleti pirmreiz€ji izdalitie MRSA izolati no PSKUSCentralas laboratorijas
kolekcijas, proporcionali parstavot 2004.-2010. gadu dazados ménesos.

SI-MRSA izolatu atlase fenotipiskai un genotipiskai analizei:

— no Latvijas mikrobiologijas laboratorijam sapemtie fenotipiski jutigie, iznemot
oksacilinu, pirmreiz€jie MRSA izolati no PSKUS Centralas laboratorijas

kolekcijas, izdaliti kliniskajos materialos no 2004.—2006. gadam. No 2007. gada
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no Latvijas mikrobiologijas laboratorijam fenotipiski jutigi izolati, izpemot

oksacilinu, pirmreizgji netika iesuititi.

S. aureus izolatu atlase spa tipa noteikSanai:

— no Eiropas Antimikrobialas rezistences uzraudzibas tikla dalibas laboratorijam

sanemtie desmit pirmreiz€ji izdalitie S.aureus izolati, tai skaita lidz pieciem

MRSA izolatiem laika perioda no 2006. gada septembra lidz 2007. gada februarim

atbilstosi Eiropas spa tipé€Sanas protokolam.

Daliblaboratorijas:

Paula Stradina kliniskas universitates slimnicas Centrala laboratorija.

Bérnu kliniska universitates slimnicas Mikrobiologijas laboratorija.

Rigas Austrumu kliniska universitates slimnicas Mikrobiologijas laboratorija.
Valsts agentiira ,,Latvijas infektologijas centrs” Mikrobiologijas laboratorija.
Valsts agentiiras ,,Latvijas infektologijas centrs Tuberkulozes un plausu
klinikas ,,Mikrobiologijas laboratorija.

Rigas 1. pilsétas slimnicas Mikrobiologijas laboratorija.

Rigas dzemdibu nama Mikrobiologijas laboratorija.

SIA ,,Centrala laboratorija”.

Vidzemes slimnicas Mikrobiologijas laboratorija.

Daugavpils regionalas slimnicas Mikrobiologijas laboratorija.
Ziemelkurzemes regionalas slimnicas Mikrobiologijas laboratorija.

Liepajas regionalas slimnicas Mikrobiologijas laboratorija.

IzslegSanas kritériji pétijjuma:

Atkartoti MRSA un S. aureus izolati vienam pacientam.
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7.2. Petijjuma uzbiive

MRSA incidence PKUS 2004. -

2010.gads

Latvija izplatito Hl -MRSA raksturojums

Latvija izplatito SA — MRSA raksturojums

l.
PSKUS CL zigojumi par f—+—p
pirmreizgji izdalitiem
MRSA izolatiem PSKUS Infekciju —
kontoles grupa:MRSA
gadijumu uzskaite PKUS
datu baze
1.
Latvijas
laboratoriju
PKUS MRSA iestititie MRSA
celmu kolekcijas |« izolati
un datu bazes
veidoSana
W PSKUS MRSA
D izolati
Jutigo MRSA 2004 -2010.g.
izolatu izdalito ilzveletu
fenotipiska un mmultirezisteno
genotipiska MRSA izolatu >
analize fenotipiska un
genotipiska
— analize >
1.
Zinojumi par no
asinim izdalito S. Centralizgti:

aureus un MRSA
(EARSS

.| datorprogramma.

daliblaboratorijas )

V.

daliblaboratorijam.

1.Zinojumu apkoposana un ievadisana

2.Nositisana centraliz&tai apstradei
un ieglito rezultatu parbaude.

3. Argjas kvalitates kontroles
organizacija EARSS

4. Medicinas sabiedribas informésana
par ikgadgjiem rezultatiem.

10 no asinim izdalitie S.
aureus t.sk. MRSA
(EARSS daliblaboratorijas)
2006- 20079.

A 4

S. aureus un MRSA
izolatu tip&Sana péc spa

tipa PSKUS CL

v

Rezultatu
ievadiSana Spa
servert

7.2.1. att. Petijuma uzbiives shéma

1.No asinim izdalito S. aureus
un MRSA izplatiba dinamika
(2004.-210.gads)
2.Salidzinajums ar citam
Eiropas valstim.

Spa tip&Sanas rezulatu
analize.

Spa tipSanas rezultatu
salidzinajums ar Eiropas
vastim
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7.3. MRSA izolatu kolekcijas un datu bazes veidoSana

Pirmreizgji izdalito MRSA izolatu tirkultiru sagatavoSana un ievietoSana ilgstoSai
uzglabasanai saldétava —70 °C temperatiira.

Pacienta identifikacijas un demografisko datu ievade elektroniska datu bazes faila.

7.4. MRSA izolatu laboratoriskas izmekleSanas metodes

7.4.1. S. aureus izolatu izdaliSana no patologiska materiala

Izmeklésanas gaita

Izmeklgjamo materialu ar 10 pl bakteriologisko cilpu uzséja uz Kolumbijas asins agara
(BD sastavu skat. 7..4.1.1. tabula), mannitola sals agara (BD sastavu skat. 9.4.1.2. tabula);
18-24 stundas 36 °C + 1 °C temperatira audzgja termostata Kolumbijas asins agaru un
2448 stundas mannitola sals agaru. Uz Kolumbijas asins agara stafilokoki auga, veidojot
1,5-2 mm lielas, apalas, gludas, mat&tas S tipa kolonijas ar dzeltenu pigmentu vai bez ta, bet
uz mannitola sals agara S. aureus kolonijas auga, veidojot dzeltenas kolonijas. No
raksturigam kolonijam gatavoja iztriepi, krasoja péc Grama metodes un skatijas raksturigo
stafilokoku morfologiju. Piederibu S. aureus sugai apstiprinaja ar plazmas koagulacijas testu
(BD) stobrina. Ja izmekl&jamais materials bija iztriepe, kuru parbaudija, nosakot, MRSA
nésasanu, materialu séja uz MRSA Select (Bio-Rad ) hromogénas barotnes (9. 3. tabula) ar
zinamu MRSA kontroli un 24 stundas audz€ja termostata 36 0c+1 °C temperatiira . Pozitiva
gadijuma MRSA auga, veidojot sartas kolonijas. 2—-3 raksturigas kolonijas pars€ja uz
Kolumbijas asins agara un talak izmekl€ja, ka ieprieks aprakstits.

Ja radas aizdomas par stafilokoku izraisitu sepsi, 5—10 ml slimnieka asinis nodala s€ja
aeroba BACTC (BD) asins uzs&juma pudel€ un talak izmeklgja, ievietojot BACTEC 9120
(BD) analizatora. Ja uzs€juma signals bija pozitivs, asins uzsgéjumu iznéma no BACTEC
analizatora un gatavoja iztriepi ar akridinu. Pozitiva gadijuma iztriep€ bija redzamas
kokveida baktérijas. Péc tam asinis s€ja uz Kolumbijas asins agara, mannitola sals agara un
izmekl€ja, ka aprakstits ieprieks. Izdalito mikroorganismu piederibu S. aureus sugai

apstiprinaja ar plazmas koagulacijas testu (BD) .
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7.4.1.1. tabula

BD 5% Kolumbijas asins agara sastavs un pagatavosana

Sastavdalas Daudzums

Contents Amount
Kazeina pankreatiskas skelSanas produkti 12,09
Dzivnieku audu peptiskas Skel§anas produkti 6,09
Rauga ekstrakts 3,09
Liellopu galas ekstrakts 3,09
Graudu ciete 1,09
Natrija hlorids 5,09
Agars 13,59
Destiléts tidens 1000 ml

pH7,3+0,2

Pagatavosana: 42,5 g sausas barotnes izskidina 1 | destiléta iidens un, vienmérigi maisot, uzvara
lidz 1 min. Iepilda sterilds pudelés un sterilizé autoklava 15 min. 121 °C temperatira. Atdzesé
45-50 °C un pievieno 5% sterilu defibrinétu auna asinu. Vienmerigi sajauc un izlej sterilas Petri
plates pa 15ml. QC S. aureus ATCC 25923 aug, ap koloniju veidojot 3 hemolizes zonu.

7.4.1.2. tabula
BD Mannitola sals agars un pagatavoSana

Sastavdalas Daudzums

Contents Amount
Kazetna pankreatiskas Skel$anas produkti 5049
Dzivnieku audu peptiskas SkelSanas produkti 5049
Liellopu galas ekstrakts 10g
D mannitols 10,0 ¢
Fenolsarkanais 25,0 mg
Natrija hlorids 65,09
Agars 15049
Destiléts tidens 1000 ml
Pagatavosana: 111 g sausas barotnes izskidina 1 | destiléta iidens un, vienmérigi maisot, vara
Itdz Imin. Sterilizé autoklava 15 min. 121 °C temperatiira un izlej sterilas Petri platés pa 15 ml.
QC S. aureus ATCC 25923 aug, veidojot dzeltenas kolonijas. pH 7,4 + 0,2

Iztriepju izmekl€Sanas algoritms, nosakot MRSA ar MRS ASelect barotni:

http://www.biorad,com/B2B/BioRad/product/br category.jsp
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7.4.1.3. tabula

BD Mueller — Hinton agars un pagatavos$ana

Sastavdalas Daudzums

Contents Amount
Liellopu ekstrakts 2090
Kazeina skabas hidrolizes produkti 175¢g
Ciete 159
Agars 1709

Pagatavosana: 38 g sausas barotnes izSkidina 1 | destiléta iidens un, vienmérigi maisot, uzvara
Iidz 1 min. Sterilizé autoklava 15 min.121 °C temperatiira un izlej sterilds Petri platés pa 15 ml.
QC S. aureus ATCC 25923. pH 7,3+ 0,1

7.4.2. Plazmas koagulacijas tests stobrina

S. aureus producé brivo un saistito koagulazi, kas spgj saistit plazmas fibrinogénu,
veidojot recekli. Ar sterilu bakteriologisko cilpu 2-4 kolonijas izmekl&jamo mikro-
organismu iesgja stobrina, kura atradas 0,5 ml trusa plazmas un EDTA (BD), un ielika
termostata 36 °C+1 °C temperatiira, nolasot rezultatu (recekla veidoSanos) péc cetram
stundam, ne vélak ka péc 24 stundam (pozitiva kontrole — S. aureus ATCC 25923 un
negativa kontrole — S. epidermidis ATCC 12228).

7.5. MRSA izolatu fenotipiska analize péc antimikrobialas
jutibas rezultatiem

7.5.1. S. aureus antimikrobialas jutibas noteikSana ar disku difiizijas metodi agara

Izmeklésanas gaita

No 4-5 24 stundu svaigam S. aureus kolonijam, kas izaugusas uz Kolumbijas asins
agara, pagatavoja 0,5 McFarland standarta dulkojuma suspensiju fiziologiskaja Skiduma.
Sagatavoja Petri plates ar Mueller — Hinton agaru (7.4.1.3. tabula),

Ar sterilu tamponu suspensiju vienmérigi noklaja uz Mueller — Hinton agara virsmas
un pagaidija 3—5 mintites istabas temperatiira, lai agara virsma noZzutu.

Uz agara virsmas uzlika izvélétos antibiotiku diskus (BD) un 16-18 stundas inkubgja
+36 °C temperattira termostata 11dz rezultatu nolasiSanai, bet 24 stundas antibiotiku diskus

(BD) inkubgja cefoksitina jutibas rezultatu nolasiSanai.
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Pec inkubacijas ar bidméru izmérija kultiras augSanas aiztures zonas diametru
(ieklaujot ar1 diska diametru) ta Saurakaja vieta un veica rezultatu interpretaciju péc
izmantoto antibiotiku disku interpretacijas tabulam. Kvalitates kontrole ar S. aureus ATCC
25923.

7.5.2. Oksacilina rezistences un izdalito Staphylococcus aureus izolatu jutibas

noteikSana pret antimikrobialajiem preparatiem

Oksacilina rezistenci noteica ar Cefoxitin 30ug disku (BD) péc CLSI standarta:
Performance Standarts for Antimicrobial Susceptibility Testing: Seventinth Informational
Supplement, January 2007, bet jutibu pret antimikrobialajiem preparatiem ar Penicillinl
10 pg, Gentamicin 10 ug, Erythromycin 15 pg, Cliprofloxacin 5 pg, Vancomycin 30 ug
diskiem, lietojot disku diftzijas metodi agara péc CLSI standarta: M2-A9 Performance
Standarts for Antimicrobial Disk Susceptibility Tests: Approved Standart —Ninth tion.
Izdalitajiem MRSA ar E-testu noteica MIC pret oksacilinu un vankomicinu (Kvalitates
kontrole ar S. aureus ATCC 25923).

Ta ka makrolidu rezistentajiem MRSA var bt konstitucionali vai inducéti izteikta
rezistence pret klindamicinu (23S RNS erm géna kodéta MLS,, rezistence pret makrolidiem,
linkozaminu un streptogramins B vai msrA géna kod@ta rezistence tikai pret makrolidiem),
fenotipiski inducéto rezistenci pret klindamicinu noteica ar D testu, novietojot blakus
eritromicina un klindamicina diskus, lietojot disku difizijas metodi agara vai izmantojot

VIEC?2 automatizéto sistému (Feibelkorn et al, 2003, Jorgensen et al, 2004).

7.5.3. Minimalas inhibéjosas koncentracijas (MIC) noteik$ana ar E testu®

MIC oksacilinam un vankomicinam tika noteikta, izmantojot komercialos Etest® (Bio
Merieux) atbilsto$i raZotaja noteikumiem, un noveértéta péc CLSI standarta (Kvalitates

kontrole ar S. aureus ATCC 29213).

7.5.4. S.aureus antimikrobialas jutibas noteik$ana un rezultatu izvértéSana SIR

sistema ar automatizéeto VITEK 2, lietojot AST292 komplektu.

S. aureus MIC tika noteiks, lietojot automatizé€to VITEK 2 visam AST 292 komplekta
ieklautajam antimikrobialajam vielam atbilstosi 9.5.4.1. tabulai.

Jutibas vertejums tika veikts automatiski, izmantojot VITEK 2 programmu.
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AST292 komplekta ieklautas antibiotikas, koncentracija un vertejums SIR sistema

7.5.4. 1.tabula

OoX GEN CIP ERY CcC TET VAN STX RIF

S | R S |1 R S|I1]|R S | R S | R S |1 R S I R S | R S | R
CLSI MIC >3
Vertgjums <2 - >4 | <4 |8 |>16|<1|2|>|<2|4|>8|<05]|1-2|>4|<4)|8]|>16| <4 |8-16 > <40 - >80 <1 2 >4
izteikts mg/l
VITEK2 <0.25,05,1,2>4 | <0.58, >16 <0 05124, | <0,25.0.5,2>8 | <0,25, <1,2,>16 < 051,248, | <10(0,5/9.5), <0.25,0.5,2, > 32
antimikrobialo >8 05,1,2,>8 >16 8/152,16/304,32/60
preparatu 8,> 320(16/304)
koncentracijas
mg/l AST 292
komplekta

Kvalitates kontrole ar S. aureus ATCC 29213
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7.5.5. PBP, noteikSana ar Slidex MRSA S. aureus oksacilina rezistences
apstiprinasanai
PBP2 proteinu noteica ar Slidex testu (Bio Merieux) atbilstosi razotaja instrukcijai.
Isuma — ar monoklonalam antivielam pret S. aureus PBP; klatas lateksa dalinas agluting ar
pétamo S. aureus mikroorganismu celmu. Ja izdalitais S. aureus producé PBP,, veidojas ar

neapbrunot aci redzams izparslojums.

7.6. MRSA izolatu molekulari genétiska analize
7.6.1. MRSA molekulara verifikacija
Meticilinrezistento Staphylococcus aureus molekulara verifikacija tika veikta ar
multiplekso — polimerazes kédes reakciju, kas balstas uz noteiktu génu — mecA un clfA
(S. aureus markieris) — specifisku amplifikaciju. Vienlaicigi tika amplificéts arT tikai stafilo-

kokiem specifisks 16S RNS rajons.

Baktériju suspensijas sagatavoSana
Ar 10 pl bakteriologisko cilpu parbaudamo mikroorganismu tirkultiru suspendgja 200
ul fiziologiska skiduma. NepiecieSamibas gadijuma sagatavoto materialu var uzglabat lidz

vienam gadam -20 °C temperatiira.

IzmekleSanas gaita

Sagatavoja PKR maisijumu atbilstosi noradém 7.6.1.1. tabula.

7.6.1.1. tabula
PKR maisijuma sastavs Staphylococcus aureus molekularajai verifikacijai
Reagents Gala koncentracija
10 x Taq polimerazes buferis 1x
25 mM MgCl, 3mM
10 mM dNTP maistjums 0,4 mM
praimeris em77 100 nM
praimeris em78 100 nM
praimeris em79 100 nM
praimeris em80 100 nM
praimeris em81 100 nM
praimeris em82 100 nM
Taq polimeraze 1U
Destiléts tidens lidz 25 ul
7.6.1.2. tabula
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Praimeri un to pielietojums

N.p.k. | Praimera seciba Amplificgja- | Pielieto- | 5, 0o
mais geéns jums
1. 2. 3. 4, 5.

em77 CCTATAAGACTGGGATAACTTCGGG 16S rRNA MRSA [Giesbrec

em78 | CTTTGAGTTTCAACCTTGCGGTCG moleku- | htetal.

em79 | GCAAAATCCAGCACAACAGGAAACGA clfA lvfgﬁka 1998]

em80 CTTGATCTCCAGCCATAATTGGTGG cija

ems1 TCCAGGAATGCAGAAAGACCAAAGC mecA

ems2 GACACGATAGCCATCTTCATGTTGG

em95 TTCGAGTTGCTGATGAAGAAGG pls SCCmec | [Doeb-

em96 ATTTACCACAAGGACTACCAGC tipizeSana | beling,

em97 AATCATCTGCCATTGGTGATGC Kdp 1994]

emo8 CGAATGAAGTGAAAGAAAGTGG

em99 ATCAAGACTTGCATTCAGGC mecl

em100 | GCGGTTTCAATTCACTTGTC

em110 | TCCAGATTACAACTTCACCAGG mecA

emlll | CCACTTCATATCTTGTAACG

em117 | ATCATTAGGTAAAATGTCTGGACATGATCCA luk-PV PVL [Panlilio
toksina et al,

em118 | GCATCASTGTATTGGATAGCAAAAGC noteikSana | 1992]

em119 | TTGATTCACCAGCGCGTATTGTC arcC MLST [Weller,

em120 | AGGTATCTGCTTCAATCAGCG 2000]

em121 | ATCGGAAATCCTATTTCACATTC aroE

em122 | GGTGTTGTATTAATAACGATATC

em123 | CTAGGAACTGCAATCTTAATCC glpF

eml124 | TGGTAAAATCGCATGTCCAATTC

em125 | ATCGTTTTATCGGGACCATC gmk

em126 | TCATTAACTACAACGTAATCGTA

em127 | GTTAAAATCGTATTACCTGAAGG pta

em128 | GACCCTTTTGTTGAAAAGCTTAA

em129 | TCGTTCATTCTGAACGTCGTGAA tpi

em130 | TTTGCACCTTCTAACAATTGTAC

em131 | CAGCATACAGGACACCTATTGGC ygiL

em132 | CGTTGAGGAATCGATACTGGAAC

eml163 | TAAAGACGATCCTTCGGTGAGC spa spa tipa [Shopsin
noteik3ana | etal.,

em164 | CAGCAGTAGTGCCGTTTGCTT 1999]

em167 | GTCAYAGAGTCCATAATGCATTTAA hig hig [Dinges
toksTna et al,

eml168 CACCAAATGTATAGCCTAAAGTG noteikSana | 2000]

2. PKR mégengés ienesa 2 ul test€jamo bakteriju suspensiju, 23 ul PKR maisijumu un

samaisija pipet&jot. Pirmajos divos punktos aprakstitas darbibas tika veiktas ledus vanna.

(programmas amplifikacijas rezimu skatit 7.6.2.2. tabula).

3. PKR me@genes ievietoja amplifikatora un amplificgja ar programmu MRSA
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4. Amplifikacijas laika sagatavoja 1,5% agarozes gelu. 6 g agarozes iebéra kolba ar
400 ml 0,5 x TBE bufera un uzmanigi uzvarija mikrovilgu krasni Iidz agaroze izSkida un
Skidrums kluva pilnigi caurspidigs. Agarozes Skidumam pievienoja 1,8 pl etidija bromida,
atdzes&ja tidens vanna Iidz apméram 50 °C temperatiirai un ieléja gela forma. Gelu 30-45
miniites sacietinaja istabas temperatiira, péc tam to parvietoja elektroforézes tanka ar 0,5 x
TBE buferi.

5. Péc amplifikacijas paraugus ienesa iepriekS sagatavotaja agarozes gela, kur tos 40
minites elektroforézé 120 V sprieguma sadalija .

6. Amplifikacijas produktu sadalijums agarozes gela tika paradits vz UV

transiluminatora un p&c nepiecieSamibas fotografets ar digitalo kameru.

Rezultatu interpretacija
PKR ieprieks aprakstitajos apstaklos iesp&jams amplificét no 0 lidz 3 fragmentiem:
1) 791 bp fragments, kas atbilst stafilokoku 16S RNS rajonam;
2) 638 bp fragments, kas atbilst cIfA génam;
3) 499 bp fragments, kas atbilst mecA génam.
Katrai analizei tika pievienota pozitiva (jau zinams, identificéts MRSA) un negativa (iidens)

kontrole.

7.6.2. Staphylococcus aureus PVL génu noteik$ana
Staphylococcus aureus luk — PV géns tika noteikts ar PKR, izvéloties specifisku praimeru

pariem 117 un em 118.

IzmekleSanas gaita

1. Sagatavoja baktériju suspensiju péc apraksta 7.6.1. punkta.

2. Sagatavoja PKR maistjumu atbilstosi noradém 7.6.2.1. tabula.

3. PKR mé&genés ienesa 1 ul test€jamo baktériju suspensijas, 11,5 pl PCR maisijuma
un samaisija pipet€jot. Pirmajos divos punktos aprakstitas darbibas tika veiktas ledus vanna.

4. PKR mégenes ievietoja amplifikatora un amplificgja ar programmu TOX
(programmas amplifikacijas reZimu skatit 7. 6.2.2. tabula).

5. Amplifikacijas laika sagatavoja 1,5% agarozes gelu. 6 g agarozes iebéra kolba ar
400 ml 0,5 x TBE bufera un uzmanigi uzvarija mikrovilnu krasni, Iidz agaroze izskida un
Skidrums kluva pilnigi caurspidigs. Agarozes Skidumam pievienojal.8 pl etidija bromida,

atdzesgja tidens vanna lidz apméram 50 °C temperatiirai un iel&ja gela forma. Gelu 30-45
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miniites sacietindja istabas temperatiira, pec tam to parvietoja elektroforézes tanka ar

0,5 x TBE buferi.

7.6.2.1. tabula

PKR maisijuma sastavs Staphylococcus aureus toksinu génu noteikSanai

Reagents Beigu koncentracija
10 x Reakcijas buferis (+MgCl,) 1x
10 mM dNTP maistjums 0,1 mM
Praimeris em117 200 nM
Praimeris em118 200 nM
Taq polimeraze 1U
Destiléts tidens Lidz 12,5l

7.6.2.2. tabula
PKR reZzimi darba izmantotajam metodém
MRSA TOX SPA MLST SCCmec
UzkarseSana
Temperatiira 94°C 95°C 95°C 95°C 95°C
Laiks 5 min 5 min 5 min 5 min 5 min
Denaturacija
Temperatiira 94°C 95°C 94°C 95°C 95°C
Laiks 0,5 min 0,5 min 0,75 min 0,5 min 0,5 min
Hibridizacija
Temperatiira 55°C 50°C 57°C 53°C 50°C
Laiks 0,5 min 0,5 min 0,75 min 1 min 0,5 min
Polimerizacija
Temperatiira 72°C 72°C 72°C 72°C 72°C
Laiks 1 min 0,5 min 1,5 min 1 min 3 min
Ciklu skaits 39 39 39 39 39
Amplifikacijas
nobeigums
Temperatiira 72°C 72°C 72°C 72°C 72°C
Laiks 10 min 10 min 10 min 10 min 10 min

6. Péc amplifikacijas paraugus ienesa iepriek§ sagatavotaja agarozes gela, kur tos 40

minites elektroforézeé 120 V sprieguma sadalija .

7. Amplifikacijas produktu sadalijums

agarozes

gela tika

transiluminatora un p&c nepiecieSamibas fotografets ar digitalo kameru.

paradits uz UV
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7.6.3. SCCmec kasesSu tipa noteikSana (Oliveira et al, 2002)

SCCmec kasetes tipa noteikSanai tika izmantota multipleksa PKR metode ar 17
praimeriem, kas ir specifiski astoniem dazada tipa kaseSu lokusiem un mecA génam ka
iek$€jai pozitivajai kontrolei.

IzmekleS$anas gaita

1. Sagatavoja bakt€riju suspensiju péc apraksta 7.6.1 punkta.
2. Sagatavoja PKR maisijumu atbilstosi noradém 7.6.3. 1.tabula.
3. PKR mg&gengs ienesa 2 pl testéjamo bakteriju suspensijas, 48 pul PKR maisijuma un

samaisija pipet&jot. Pirmajos divos punktos aprakstitas darbibas tika veiktas ledus vanna.

9.6.3.1. tabula

PKR maistjuma sastavs Staphylococcus aureus SCCmec kasetes tipa noteikSanai
(Oliveira et al, 2002).

Reagents Beigu koncentracija
10 x Reakcijas buferis 1x
25 mM MgCl, 3mM
10 mM dNTP maisTjums 0.2 mM (katrs)
Praimeris em95 400 nM
Praimeris em96 400 nM
Praimeris em97 200 nM
Praimeris em98 200 nM
Praimeris em99 400 nM
Praimeris em100 400 nM
Praimeris em101 800 nM
Praimeris em102 800 nM
Praimeris em103 200 nM
Praimeris em104 200 nM
Praimeris em105 400 nM
Praimeris em106 400 nM
Praimeris em107 800 nM
Praimeris em108 400 nM
Praimeris em109 400 nM
Praimeris em110 800 nM
Praimeris em111 800 nM
Taq polimeraze 1,25 U
Destiléts tidens Lidz 50 ul
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4. PKR mégenes ievietoja amplifikatora un amplificgja ar programmu SCCmec
(programmas amplifikacijas rezimu skatit 7.6.2.2. tabula).

5. Amplifikacijas laika sagatavoja 1,5 % agarozes gelu. 6 g agarozes iebéra kolba ar
400 ml 0,5X TBE bufera un uzmanigi uzvarija mikrovilnu krasni, Iidz agaroze izS§kida un
Skidrums kluva pilnigi caurspidigs. Agarozes skidumam pievienoja 1,8 pl etidija bromidu,
atdzesgja tidens vanna lidz apméram 50 °C temperatiirai un ielgja gela forma. Gelu 30-45
minites sacietinaja istabas temperatiira, péc tam to parvietoja elektroforézes tanka ar 0,5x
TBE buferi.

6. P&c amplifikacijas paraugus ienesa iepriekS sagatavotaja agarozes gela, kur 40
mindtes tos elektroforéze 120 V sprieguma sadalija.

7. Amplifikacijas produktu sadalijums agarozes gela tika paradits UV transiluminatora

un péc nepiecieSamibas fotografets ar digitalo kameru.

7.6.4. mecA gena Kklases noteik§ana (Okuma et al, 2002).
MecA gena klase tika noteikta ar PKR, izmantojot tris praimeru parus.

IzmekleSanas gaita

1. Sagatavoja bakteriju suspensiju pec apraksta 7.6.1. punkta.

2. Atbilstosi 7.6.4.1. tabulai sagatavoja tris PKR maisTjumus, kas atSkiras pé&c
izmantota praimeru para.

3. Katram no test€jamiem izolatiem trijas PKR me&genes ienesa 1 pl test§jamo
bakteriju suspensiju un pievienoja 24 ul PKR maisfjuma attiecigi katra ar atbilstoSo
praimeru pari un samaisija pipet€jot. Pirmajos divos punktos aprakstitas darbibas tika
veiktas ledus vanna.

7.6.4.1. tabula

PKR maisijuma sastavs Staphylococcus aureus mecA géna klases noteikSanai
(Okuma et al, 2002).

Reagents Beigu koncentracija
10X Reakcijas buferis 1X
25 mM MgCl, 1,5mM
10 mM dNTP maistjums 0,2 mM
Praimeris em209* 200 nM
Praimeris Em208* 200 nM
Taq polimeraze 25U
Destiléts tidens lidz 25 wl

* tabula noradits praimeru paris vienam no trts PKR maistjumiem. Otrajam PKR maisTjumam
jaizmanto em205+em206 praimeru paris, treSajam maisjjumam — em206+em203 praimeru paris.
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4. PKR mggenes ievietoja amplifikatora un amplificgja ar programmu SCCmec
(programmas amplifikacijas rezimu skatit 7.6.2.2. tabula).

5. Amplifikacijas laika sagatavoja 1,5 % agarozes gelu. 6 g agarozes iebéra kolba ar
400 ml 0,5x TBE bufera un uzmanigi uzvarija mikrovilnu krasni, Iidz agaroze izskida un
Skidrums kluva pilnigi caurspidigs. Agarozes Skidumam pievienoja 1,8 ul etidija bromida,
atdzesgja tidens vanna lidz apméram 50 °C temperatiirai un ielgja gela forma. Gelu 30-45
minites sacietindja istabas temperatiira, péc tam to parvietoja elektroforézes tanka ar 0,5x
TBE buferi.

6. Pec amplifikacijas, paraugus ienesa ieprieks sagatavotaja agarozes gela, kur tos 40
minites elektroforéze 120 V sprieguma sadalija .

7. Amplifikacijas produktu sadalijums agarozes gela tika paradits UV

transiluminatora un péc nepiecieSamibas fotograféts ar digitalo kameru.

7.6.5. ccr géna tipa noteikSana (Okuma et al, 2002)

ccr géna tips tika noteikts ar ¢etram PKR reakcijam, izmantojot piecus specifiskus
praimerus. Viens no praimeriem bija kopigs visam reakcijam, kam parT tika nemts attiecigi

kads no Cetriem atlikuSajiem praimeriem.

TesteéSanas gaita
1. Sagatavoja baktériju suspensiju péc apraksta 7.6.1.punkta.

2. Sagatavoja PKR maisijumu atbilstosi noradém 7.6.5.1. tabula.
7.6.5.1. tabula

PKR maisijuma sastavs Staphylococcus aureus ccr géna tipa noteik$anai

Reagents Beigu koncentracija
10 x Reakcijas buferis 1x

25 mM MgCl, 1,5mM

10 mM dNTP maistjums 0,4 mM
Praimeris em194 200 nM
Praimeris em195* 200 nM

Taq polimeraze 1U

Destiléts tidens lidz 25 pl

* tabula noradits praimeris vienam no ¢etriem PKR maisijumiem. Otrajam PKR maistjjumam
izmantojams em196, tre§ajam — em197, ceturtajam — em198.
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3. PKR mé&gengs ienesa 1 ul test€jamo baktériju suspensijas, 24 ul PKR maisijuma un
samaisija pipet&jot. Pirmajos divos punktos aprakstitas darbibas tika veiktas ledus vanna.

4. PKR mégenes ievietoja amplifikatora un amplificéja ar programmu SCCmec
(programmas amplifikacijas reZimu skatit 7.6.2.2. tabula).

5. Amplifikacijas laika sagatavoja 1,5 % agarozes gelu. 6 g agarozes ieb&ra kolba ar
400 ml 0,5 x TBE bufera un uzmanigi uzvarija mikrovilnu krasni, Iidz agaroze izskida un
Skidrums kluva pilnigi caurspidigs. Agarozes skidumam pievienoja 1,8 pl etidija bromida,
atdzes&ja tidens vanna Iidz apméram 50 °C temperatiirai un ieléja gela forma. Gelu 30-45
miniites sacietinaja istabas temperatiira, péc tam to parvietoja elektroforézes tanka ar 0,5 x
TBE buferi.

6. Péc amplifikacijas paraugus ienesa iepriek§ sagatavotaja agarozes gela, kur 40
minites tos elektroforézeé 120 V sprieguma sadalija .

7. Amplifikacijas produktu sadalijums agarozes gela tika paradits UV transiluminatora
un pec nepiecieSamibas fotografets ar digitalo kameru.

7.6.6. Staphylococcus aureus spa tipa noteikSana
Staphylococcus aureus spa tipa noteikSanai sakotng&ji ar PKR tika amplificéta spa

géna specifiska sekvence, talak iegttais PKR produkts tika attirits un sekvenéts.

TestéSanas gaita
1. Sagatavoja bakteriju suspensiju p&c apraksta 7.6.1. punkta.

2. Sagatavoja PKR maistjumu atbilstosi noradém 7.6.6.1. tabula.

7.6.6.1. tabula

PKR maisijuma sastavs Staphylococcus aureus spa tipa noteikSanai

Reagents Beigu koncentracija
10 x Reakcijas buferis (+MgCl,) 1x

10 mM dNTP maisijums 0,4 mM
Praimeris em163 200 nM
Praimeris em164 200 nM

Taq polimeraze 1,25U
Destilets tdens 11dz 50 pl

3. PKR mg&gengs ienesa 2 pl test€jamo bakteriju suspensijas, 48 ul PKCR maisijuma

un samaisija pipet&jot. Pirmajos divos punktos aprakstitas darbibas tika veiktas ledus vanna.
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4. PKR mégenes ievietoja amplifikatora un amplificgja ar programmu SPA
(programmas amplifikacijas rezimu skatit 7.6.2.2. tabula).

5. Amplifikacijas laika sagatavoja 1,5% agarozes gelu. 6 g agarozes iebéra kolba ar
400 ml 0,5 x TBE bufera un uzmanigi uzvarija mikrovilnu krasni, Iidz agaroze izSkida un
Skidrums kluva pilnigi caurspidigs. Agarozes Skidumam pievienoja 1,8 pl etidija bromida,
atdzesgja tidens vanna lidz apméram 50 °C temperatiirai un ielgja gela forma. Gelu 30-45
minites sacietinaja istabas temperatiira, péc tam to parvietoja elektroforézes tanka ar 0,5 x
TBE buferi.

6. Pec amplifikacijas, lai parliecinatos, ka amplifikacija bijusi sekmiga un iegiits
vajadzigais PKR produkts, paraugus ienesa agarozes gela, kur tos 40 miniités elektroforéze
120 V sprieguma sadalija.

7. Amplifikacijas produktu sadalijums agarozes gela tika paradits UV transiluminatora
un pec nepiecieSamibas fotografets ar digitalo kameru.

8. DNS attiriSana pirms sekven&Sanas tika veikta ar firmas ,,Mbiotech” SpinCleanTNI
PCR Purification komplektu, kas paredzéts atrai vienpavediena vai divpavedienu PKR
produktu attiriSanai. DNS fragmenti tiek attiriti no oligonukleotidiem, nukleotidiem un
polimerazes 90-95% apmera.

8.1. Marketos mikrocentriftigas stobrinos parnesa attiramo PKR produktu un
pievienoja 5 reizes lielaku tilpumu PKR purifikacijas bufera no reagentu
komplekta, sajauca sapipet€jot.

8.2. levietoja SpinClean™ kolonnu savacgjstobrina.

8.3. Parnesa attiramo maisijumu uz kolonnu un istabas temperatiira centrifuggéja
vienu mintti 13000 rpm.

8.4. 1zIgja savacgjstobrina saturu un ievietoja kolonnu atpakal savacgjstobrina.

8.5. Pievienoja 750 ul mazgasanas skiduma no reagentu komplekta un centri-
fuggja vienu miniiti 13000 rpm.

8.6. Atkartoja 4. soli, velreiz centrifuggjot vienu miniti, lai pilniba atbrivotos no
atliku$a mazgaSanas Skiduma.

8.7. Parnesa kolonnu tira 1,5 ml mikrocentrifiigas stobrina.

8.8. Pievienoja 50 pl Elution buferi.

8.9. Nogaidija vienu miniiti un vienu miniti centrifugéja ar maksimalo atrumu.

8.10. Iznéma kolonnu no stobrina un iegiito attirito produktu parbaudija
agarozes gela.

9. Attiritie PKR produkti tika nosiititi komercialai sekvencésanai.
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10. Iegutas spa sekvencu hromatogrammas tika analiz&tas ar datorprogrammu Ridom
StaphType (Ridom GmbH).
7.6.7. MRSA ST noteikSana

MLST tika veikta ar ar polimerazes kédes reakciju, kas balstas uz septinu noteiktu S.
aureus ,housekeeping” génu — arcC, arok, glpF, gmk, pta, tpi, ygiL — specifisku
amplifikaciju. Iegiitie PKR produkti tika attiriti un sekvenéti. legutie sekvencu dati tika

salidzinati ar SeqNet datu baz€ esosSajiem un noteikts izolata sekvences tips (ST).

TesteéSanas gaita
1. Sagatavoja bakteriju suspensiju pec apraksta 7.6.1. punkta.
2. Atbilstosi noradeém 7.6.7.1. tabula sagatavoja PKR maisijumu katram no septiniem

,housekeeping” géniem.

7.6.7.1. tabula
PKR maisijuma sastavs MLST
Reagents Beigu koncentracija
10 x reakcijas buferis 1x
25 mM MgCl, 3mM
10 mM dNTP maisijums 0,2 mM
Praimeris em119* 200 nM
Praimeris em120* 200 nM
Taq polimeraze 1,25U
Destilets tidens lidz 50 pl

* tabula noraditais arcC génam specifiska praimeru para piemers.

3. Katram no test€jamiem izolatiem septinas PKR mégenés ienesa 2 ul test€jamo
bakt€riju suspensijas un pievienoja 48 pl PKR maisTjuma katra no septinam mé&geném ar
atbilstoSo praimeru pari un samaisija pipet€jot. Pirmajos divos punktos aprakstitas darbibas
tika veiktas ledus vanna.

4. PKR mégenes ievietoja amplifikatora ar programmu MLST (programmas ampli-
fikacijas rezZimu skatit 7.6.2.2. tabula).

5. Amplifikacijas laika sagatavoja 1,5 % agarozes gelu. 6 g agarozes iebéra kolba ar
400 ml 0,5 x TBE bufera un uzmanigi uzvarija mikrovilnu krasni, 1idz agaroze izSkida un
Skidrums kluva pilnigi caurspidigs. Agarozes Skidumam pievienoja 1,8 pl etidija bromida,

atdzesgja tidens vanna lidz apméram 50 °C temperatiirai un iel&ja gela forma. Gelu 30-45
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miniites sacietinaja istabas temperattira, péc tam to parvietoja elektroforézes tanka ar 0,5 x
TBE buferi.

6. Péc amplifikacijas, lai parliecinatos, ka amplifikacija bijusi sekmiga un iegiits
vajadzigais PKR produkts, paraugus ienesa agarozes gela, kur tos 40 miniiteés 120 V
sprieguma sadalija.

7. Amplifikacijas produktu sadalijums agarozes gela tika paradits UV transiluminatora
un péc nepiecieSamibas fotograféts ar digitalo kameru.

8. DNS attiriSana pirms sekvencéSanas tika veikta ar firmas ,,Mbiotech” SpinCIeanTNI
PCR Purification komplektu kit, kas paredzéts atrai vienpavediena vai divpavedienu PKR

- =V

produktu attiriSanai. DNS fragmenti tika attiriti no oligonukleotidiem, nukleotidiem un
polimerazes 90-95% apméra. DNS attiriSanas protokolu skatit 2.7. punkta.

9. Attiritie PKR produkti tika parbauditi agarozes gela un nodoti komercialai
sekvengSanai.

10. legiitas ,,housekeeping” génu sekvences tika salidzinatas ar SeqNet datu bazi, péc

kuras tika noteikts sekvences tips (ST).

7. 7. Zinatniskas medicinas literaturas mekléSana datu bazes

P&tifjuma ietvaros tika veikts sistematisks literatiiras apskats par petijuma izvirzitajiem
jautajumiem, lai atlasitu, noteiktu un analizétu uz pétjjumiem balstitu medicinas zinatnisko
literatiiru par MRSA ierosinatam infekcijam, to izplatibu, klasifikaciju un iespg&amo
evoliiciju un izplatiSanos ar molekularbiologiskam un epidemiologiskam analizes metodém,
ka arT laboratoriskam un molekularas tipeSanas metodeém. Sistematiska literatliras apskata
ietvaros tika izmantotas:

PubMed (http://www.ncbi.nlm.nih.gov/pubmed),

PubMed Nucleotide Sequences (http://www.nlm.nih.gov/database,)

PubMed Cental (http://www.pubmedcentral.nih.gov) datu baze,

Google Scholar (http://scholar.google.com) datu bazes.

e Par atslégas vardiem tika lietoti ,,Methicilllin resistant Staphylocococys aureus” ar
vaicajjumtulkojumu (,,Staphylococcus aureus”’[MeSH terms] OR (,,staphylococcus”
[All Fields] AND ,,methicillin resistance”).

e P&c autora [Author].
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7.8. Datu statistiskas apstrades metode

9.8. Datu statistiskas apstrades metodes.

MRSA gadijumu un no asinim izdalito MRSA incidences ticamibas intervali tika
rekinati izmantojot SPSS 16 datorprogrammu. Incidence tika rékinata uz 100 000 gultas
dienam izmantojot slimnicas oficialos statistikas datus.

Korelacijas diagramma veidota izmantotjot Microsoft Excel izklajlapu datu aproksi-
macijai (trend line method). R€kinats Spirmana ranku korelacijas koeficents un piepemts
ticamibas lItmenis p<0,05. Neparametriskais korelacijas tests lietots, jo datu sadalijums nav

viennozimigs.
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8. REZULTATI

8.1. MRSA gadijumu izpéte PSKUS 2004.-2010. gada

2003. gada no pacientu patologiskajiem materialiem PSKUS Centralaja laboratorija
tika izdaliti divi fenotipiski atSkirigi MRSA, no kuriem viens bija rezistents pret oksacilinu,
eritromicinu, gentamicinu, ciprofloksacinu un trimetoprim/sulfametoksazolu, bet otrs celms
bija rezistents tikai pret okscilinu un jutigs pret eritromicinu, gentamicinu, ciprofloksacinu
un trimetoprim/sulfametoksazolu. Sadas rezistences profila S. aureus celmi literatfira ir
aprakstiti ka stafilokoku hromosoma mecA — meticilina rezistences genu saturoSie
meticilinrezistentie S. aureus celmi. Lai pieraditu So S. aureus tipu piederibu meticilin-
rezistentajai S. aureus grupai un noskaidrotu dazado MRSA celmu izplatibu daudzprofilu
slimnicas, PSKUS Centralaja laboratorija tika izstradatas molekularas tipeSanas metodes,
izvedota MRSA celmu kolekcija un datu baze no Latvijas mikrobiologijas laboratoriju
iesiititajiem MRSA izolatiem, veikta izdalito celmu molekulara izpéte un tipéSana un
iegiitie rezultati salidzinati ar citas ES valstis ieglitajiem rezultatiem (8.4.3.tabula).

Laika no 2004. 1idz 2010. gadam PSKUS 689 arstétajiem pacientiem pirmreizgji tika
izdalits MRSA un registréts infekciju kontroles nodala ka MRSA gadijums. Analiz&jot katru
gadijumu, 41,2% (n=284) tika noverteti ka MRSA nésataji un 58,8% (n=405) bija pacienti
ar MRSA infekcijas klinisko izpausmi. Saslimstiba ar MRSA ierosinatam infekcijam

PSKUS paradita 8.1.1. tabula.

8.1.1. tahula

MRSA gadijumu skaits un raksturojums PSKUS 2004.-2010. gada (n=689)

Gads
2004. | 2005. | 2006. |2007. |2008. |2009. | 2010.
Gultdienu skaits 282108 | 287813 | 298077 | 298973 | 311022 | 243777 | 264126
MRSA gadijumu skaits 136 82 131 83 95 70 92
Z}ii’gg‘gdence uz 100000 48,2 28,5 43,9 27,8 31,8 287 | 348

40,8- 22,6— 37,0— 22,4— 26,0— 22,7- 28,4-

0/ 4t -
95% ticamibas intervals 57.0 354 52,1 434 38,9 36,2 42,7

MRSA n@sataju 1patsvars % no
kopgja MRSA gadijumu skaita 40,4 36,6 32,1 47 48,4 52,9 56,5
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8.1.1. att. MRSA gadijumu un MRSA incidences raditaju korelacijas diagramma

2004. -2010. gada. MRSA gadijumu skaits; R=-0,43 ,p >0,05 MRSA incidence;

R=-21, p =>0,05

Ka redzams 8.1.1. attéla, lai arit MRSA gadijumu skaitam un MRSA incidencei uz

100 000 gultdienam ir tendence samazinaties, iegltie raditaji nav statistiski ticami, jo

noveérojumu periods ir par isu. MRSA nésataju Ipatsvara izmainas no visiem MRSA

gadijumiem PSKUS paraditas 8.1.2. attela.

MRSA nesataju 1patsvars %
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8.1.2. att. MRSA nesataju korelacijas diagramma 2004. -2010. g.

(S. aureus n = 689 MRSA nésataji n =284). MRSA nésataju ipatsvars %

no visiem MRSA gadijumiem; R = 0,86 p = <0,05
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Novérojuma perioda vérojama tendence picaugt MRSA né&sataju ipatsvaram, kas

var€tu liecinat par akttivu MRSA pacientu skriningu PKUS, un $is pieaugums ir statistiski

ticams.

Visi MRSA gadijumi tika analizéti saistiba ar pacienta atraSanos PSKUS nodalas un

gadfjumu skaita sadalijums intensivas terapijas, kirurgiskajas, terapeitiska profila un pargjas

nodalas paradits 8.1.3. attéla.
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Terapeitiska profila nodalas

2010

— - B Kirurgiska profila nodalas
B Intensivas terapijas nodalas
[ |
. —
I
2004 2005 2006 2007 2008 2009
Gads

8.1.3. att. MRSA % sadalijums PSKUS slimnicas nodalas.
(MRSA gadijumu skaits n=689)

Lai salidzinatu PSKUS rezultatus ar citam Latvijas slimnicam un Eiropas datu bazi,

atbilstosi atseviska 8.1.2. tabula tika analiz€ti no asinim izdalitie MRSA.

8.1.2. tabula
No asinim izdalito MRSA analize PKUS 2004.-2010. gada
(asins uzséjumu skaits n=18914, MRSA n=38)
Gads

2004. 2005. 2006. 2007. 2008. 2009. 2010.
SAkSalﬁz uzsgjumu 2389 2605 | 2695 | 2704 | 2723 | 2530 3268
S.aureus 46 45 38 31 56 55 56

0,

MRSA% no S. 0 178 | 289 | 129 | 54 18 19,6
aureus
MRSA incidence
asinis uz 100000 0 2,8 3,7 1,3 1 0,4 6,4
gultdienam
Ticamibas intervals 0 1254 | 18-6,6 | 0,4-3,4 | 0,2-2,8 | 0,01-2,3 | 4,62-10,31
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8.1.4. att. No asinim izdalito MRSA % attieciba asins uzsejumos PSKUS (asins uzséjumu
skaits n=18914, MRSA % no visiem izdalitajiem S. aureus =11,6%)

Laika no 2004. Iidz 2010. gadam PSKUS Centralaja laboratorija izmekleti 18 914
asins paraugi. Katram pacientam turpmaka analizé ieklauts pirmais S.aureus pozitivais
paraugs. Neskatoties uz MRSA procentuala ipatsvara samazinaSanas tendenci asinis no
visiem izdalitajiem S. aureus, iznemot 2006. gadu (n= 28,9%), §1 tendence nav statistiski

ticami saistama ar izmekl€to asins paraugu skaita izmainam 2004.—2010. gada.

8.2. No asinim izdalito MRSA izplatiba Latvija 2004. -2009. g. salidzinajuma

ar Eiropas Antimikrobialas rezistences uzraudzibas tikla dalibvalstim

2004.-2005. gada antimikrobialas rezistences uzraudzibas tikla iesaistijas septinas
laboratorijas un to apkalpotas slimnicas:

— Paula Stradina kliniska universitates slimnicas Centrala laboratorija,
— Beérnu kliniska universitates slimnicas Mikrobiologijas laboratorija,
— Rigas Austrumu kliniskas universitates slimnicas Mikrobiologijas laboratorija,
— Valsts agentiiras ,,Latvijas infektologijas centrs” Mikrobiologijas laboratorija,
— Rigas 1. pilsétas slimnicas Mikrobiologijas laboratorija,
— SIA ,,Centrala laboratorija”,

— Vidzemes slimnicas Mikrobiologijas laboratorija.
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No 2006. 1idz 2009. gadam antimikrobialas uzraudzibas tiklam pievienojas vél piecas

laboratorijas un to apkalpotas slimnicas:

2010.

Rigas dzemdibu nama Mikrobiologijas laboratorija,

Daugavpils regionalas slimnicas Mikrobiologijas laboratorija,
Valsts agentiiras ,,Latvijas infektologijas centrs®,

Tuberkulozes un plausu klinikas Mikrobiologijas laboratorija,
Ziemelkurzemes regionalas slimnicas Mikrobiologijas laboratorija,

Liepajas regionalas slimnicas Mikrobiologijas laboratorija.

gada rezultati turpmaka analize nav ieklauti, jo rezultatu apkopoSana tiek veikta

nakama gada otraja pusgada.

Latvia

= International boundary
%  National capital

——— Railroad

== Expressway

8.

2.1. att. Antimikrobialas rezistences uzraudzibas tikla iesaistito regionu un

laboratoriju geografiskais izvietojums
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8.2.1.tabula

Eiropas un nacionalaja antibakterialas rezistences uzraudzibas tikla ieklauto

laboratoriju un slimnicu dati 2005.-2009. gada

Gads

2005 2006 2007 2008 2009
Daliblaboratoriju skaits 11 12 12 12 7
Stacionaru skaits 11 12 12 12 9
ledzivotaju skaits* 2306534 | 2294590 | 2281305 | 2270894 | 2261294
Asins uzsg&jumu skaits 9395 15 409 15019 14 584 9717
Gultu skaits stacionaros 4 603 6129 5969 6329 5508
Gultdienu skaits 1276513 | 1651925 | 1609778 | 1746084 | 1304 118
Vidgja gultas slodze procentos 79 77 75 76 82
Vidgjais gultdienu skaits uz pacientu 8 7 7 7 7,3
Aptuveni aptverta iedzivotaju 1801593 | 1076400 | 1580323 | 1710000 | 1697 000
populacija **
Aptverta iedzivotaju populacija %** 78 47 70 77 75

*Centrala statistikas parvalde

** Aptverta iedzivotaju populacija absoliitos skaitlos un procentuali ir subjektiva daliblaboratoriju informacija.
Lai arT regionalo slimnicu aptvertas populacijas raditdji pamatojas uz iedzivotaju skaitu atbilstoSaja
regiond, neprecizaka informacija ir sanemta par Rigu, jo Rigas pils€tu nosaciti apkalpo divas universitates
un vairakas specializétas slimnicas, kuras arst€jas ne tikai Rigas, bet arT citu regionu iedzivotaji. Tade] dati

par aptverto iedzivotaju populaciju turpmakai analizei netika izmantoti.

2004.gada 8.2.1. tabula apkopota informacija netika vakta.

8.2.2. tabula
No asinim izdalito S.aureus un MRSA ipatsvars %
(S. aureus: n =907, MRSA: n=129)
. . Gads
S.aureus izolati Kopa
2004. 2005. 2006. 2007. 2008. 2009.
No asinim
izdalito S.aureus 87 127 172 169 164 188 907
izolatu skaits
MRSA % 26.4 19,7 18,6 1.7 11,6 9 14,2

Ka redzams 8.2.2. tabula, no asinim izdalito MRSA izolatu ipatsvars no visiem

izdalttajiem S. aureus 2004.g — 2009.g. atbilstosi samazinajas:26,4% (n=23) , 19,7%
(n=25), 18,6% ( n=32) , 7,7%(n = 13), 11,6%(n =19 ) un 9% ( n = 17 )., bet no asinim

izdalito MSSA izolatu Tpatsvars no visiem izdalitajiem S. aureus pieauga no 73,6% (n=64)

2004.gada Iidz 91% (n=171) 2009.gada.
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No asinim izdalitie S. aureus ( n=164).
70
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Daliblaboratorijas

8.2.2. att. No asinim izdalito MRSA sadalijums
EARSS daliblaboratorijas 2008. gada

Jaatzimé, ka 2008. gada no asinim izdalito MRSA skaita pieaugumu veido
galvenokart vienas (013) daliblaboratorijas rezultati (skat. 8.2.2 attelu).

H MIRSA
© MSSA

No asinim izdalTto izolatu skaits {907)

Gadi

8.2.3. att. No asinim izdalito S. aureus un MRSA Kkorelacijas diagramma
2004.—2009. gada (S. aureus r=0,94, p<0,05), MRSA r = -0,6; p=0,2 )*

*]zmantojot Spirmena korelacijas koeficentu, jo nav viennozimigs datu sadalfjums.

Laika no 2004. lidz 2009. gadam ir vérojams no asinim izdalito S. aureus skaita
pieaugums, kas liecina par statistiski ticamu $1 mikroorganisma ierosinatas bakterémijas
izplatibas picaugumu. Lai gan vérojama no asinim izdalito MRSA samazinajuma tendence,
tomé&r noverojuma periods ir par mazu, lai iegiitu statistiski ticamus rezultatus (p>0,05).
legiitos rezultatus apstiprina ar1 Latvija no asinim izdalito S.aureus un MRSA incidence uz
100 000 gultdienam (8.2.3. tabula).
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No asinim izdalito S. aureus un MRSA incidence
uz 100 000 gultdienam Latvija

8.2.3. tabula

Gads

2005 2006 2007 2008 2009
No asin_Tm_izdaHto S. 8,0 8.5 9.7 8.3 131
aureus incidence
Ticamibas intervals (TI) 6,6-9,7 7,2-10,0 7,1-9,8 7,1-9,8 13,1-15,2
No asinim izdalito
MRSA incidence 1,97 1,94 0,81 1,09 0,81
Ticamibas intervals (TI) 1,33-2,89 1,37-2,79 0,47-1,38 0,70-1,70 1,30-2,08

8.3. MRSA izolatu fenotipiskais un genotipiskais raksturojums

Neatkarigi no antimikrobialas jutibas noteikSanas metodes (disku diftzijas metode

agara, minimalas inhib&josas koncentracijas noteikSana ar E testu vai VITEK2 Bio Merieux

analizatoru) izdalitajiem MRSA péc fenotipiskajam Tpasibam novéroja divejada tipa MRSA

celmus:

a) ar multiplu rezistenci pret makrolidiem, tetracikliniem, hinoloniem un dazadiem

rezultatiem pret aminoglikozidiem un folijskabes aktivas

formas sintézes

inhibitoriem, ka arT jutibu pret rifampicinu un vankomicinu kas, ka jau mingts

literatiras apraksta, ir raksturigs HI-MRSA,;

b) ar rezistenci tikai pret oksacilinu un jutibu pret citam antibiotikam, kas raksturigs

SI-MRSA.

8. 3. 1. HI-MRSA izolatu fenotipéSana

No PSKUS Centralas laboratorijas izolatu kolekcijas tika noteikts antimikrobialas

rezistences profils peéc MIC ar VITEK®2 Systems analizatoru 53 izvéleétiem MRSA

izolatiem, proporcionali parstavot 2004.—2010. gadu. Iegitie rezultati apkopoti 8.3.1.1.

tabula.

Visu analizéto MRSA izolatu antimikrobialas rezistences profils atspogulots

3. pielikuma.
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MRSA izolatu antimikrobiala jutiba izteikta mg/l (n=53)

8.3.1. 1. tabula

Gads OXA GEN GIP ERY CcC TET VAN STX RIF
S R S R S R S R S R S R S R S R S R
2004.g. Izolatu skaits 0 9 0 9 0 9 0 9 2 7 0 9 9 0 2 7 0 9
(n=9)
Jutibas  rezultati >4 >16 >8 >8 <0.25 | ind.re >16 <0,5- <10- | 80 <0,5
mg/I ,-0.5 z 15 40 >320
2005.g. Izolatu skaits 0 8 2 6 0 8 0 8 0 8 0 8 8 0 4 4 8 0
(n=8)
Jutibas  rezultati >4 <0,5 >16 >8 >8 ind.re >16 <0,5 - <10 - | 80- <0,5
mg/l z. 1 40 160
2006.9. Izolatu skaits 0 8 2 6 0 8 0 8 0 8 0 8 8 0 3 5 8 0
(n=8)
Jutibas  rezultati >4 <0,5 >16 >8 >8 ind.re >16 1 20 >320 | <0,5
mg/I| z./ 28
2007.g. Izolatu skaits 0 6 1 5 0 6 0 6 0 6 0 6 6 0 3 3 6 0
(n=6)
Jutibas rezultati >4 <0,5 >16 >8 >8 ind.re >16 <10- | =320 | <0,5
mg/I| z/.28 20
2008.g. Izolatu skaits 0 5 2 3 0 5 0 5 5! 0 5 5 3 2 5 0
(n=5)
Jutibas  rezultati >4 <0,5 >16 >8 >8 ind.re >16 <0,5- <10- | >320 | <0,5
mg/I z. 1 20
2009g. Izolatu skaits 0 5 1 4 0 5 0 5 0 5 0 5 5 0 2 3 5 0
(n=5)
Jutibas rezultati >4 <0,5 >16 >8 >8 40 >16 1,0 <10- 80 1,0
mg/I 40
2010.9. Izolatu skaits | O 12 2 10 0 12 0 12 1 11 0 12 12 0 12 0 11 1
(n=12)
Jutibas  rezultati >4 <0,5 >16 >8 >8 <0,25 | 4->8 >16 1 <10- <0,5 >32
mg/I 40
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Péc 8.3.1.1. tabula apkopotajiem antibmikrobialas jutibas rezultatiem redzams, ka visi
53 izmekl&tie S. aureus izolati ir rezistenti pret oksacilinu koncentracijas, kas ir vienadas un
lielakas par 4 mg/l. Visu MRSA izolatu jutiba pret oksacilinu tika apstiprinata ar E testu, lai
fenotipiska [imeni diferencétu iesp&jamos intrahospitalos un sadzive iegiitos MRSA izolatus
talakai izpétei ar molekularajam metodem. Visu 53 MRSA celmu oksacilina rezistence bija
>256 mg/| atbilstosi iesp&jamai oksacilina koncentracijas noteikSanai ar E testu. Visi MRSA
izolati bija rezistenti pret ciprofloksacinu un eritromicinu koncentracija >8 mg/1, tetraciklinu
koncentracija > 16 mg/l. 50/53 analizétajiem MRSA celmiem tika konstatéta klindamicina
inducéta rezistence, 12/53 celmi bija jutigi pret gentamicinu koncentracija <0,5mg/l, 29/53
celmi bija jutigi pret sulfametoksazolu/trimetoprimu koncentracija 1idz 2/38 mg/1(40 mg/1),
visi MRSA izolati bija jutigi pret vankomicinu 0,5-1,0 mg/ un rifampicinu < 0,5-1,0 mg/I
robezas, iznemot vienu celmu S-8353-10, kas bija rifampicina rezistents koncentracija >
32mgl/l. Sads fenotipiskas rezistences profils péc literatiiras atbilst intrahospitalajiem MRSA

celmiem.

8.3.2. HI -MRSA izolatu genotipeSana

Petijuma izvéletie 2004.—2010. gada MRSA izolati no PSKUS Centralas laboratorijas
kolekcijas péc fenotipiska rezistences profila noteikSanas un pirms to talakas genctiskas
klasificéSanas tika verificéti ka MRSA ar multipleksu PKR. Ar $o metodi vienlaicigi
iesp&jams noteikt, vai test€jama bakterija ir stafilokoks, vai test€jama bakterija ir S. aureus
un vai test€jama baktérija satur mecA génu — meticilinrezistences noteicgju. 8.3.2.1. attéla
redzams MRSA molekularas verifikacijas piemérs — ja paraugam ir visas tris gené&tisko
markieru zonas, tas ir meticilinrezistents S. aureus (MRSA), ja paraugam ir tikai divas
genétisko markieru zonas, tas ir meticilinjutigs S. aureus (MSSA). Savukart ieksgjai
kontrolei bija izveléts E. coli izolats un meticilinjutigs koagulazes negativs stafilokoks
(CoNS). S. aureus ir meticilinrezistents, ja paraugam ir visas tris genétisko markieru zonas,

meticilinjutigs S. aureus — divas genétisko markieru zonas.
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8.3.2.1. att. PKR amplifikacijas produktu sadalijums 1% agarozes gela.
M molekularais markieris; 2, 4 -7 — meticilinrezistentais S. aureus; 3,8 un 1 — koagulazes
neagativie meticilinrezistentie stafilokoki; 10 — E. coli
(negativa kontrole); 11 — koagulazes negativais stafilokoks

P&c izolatu meticilina rezistences noteic€ja mecA géna molekularas verifikacijas ar
PKR tika veikta izolatu genétiska tipé$ana:

a) SCCmec kasetes tipa noteiksana ( n=53) ( skat 8.3.2.2. att&lu):.

T 4

8.3.2.2. att. SCCmec kasetes tipa noteik§ana, izmantojot multipleksu PKR.

Visiem HI-MRSA tika noteikta viena SCC mec 1l tipa kasete.
b) MLST izvélétajiem MRSA celmiem,
c) spatips.
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8 3.2.1. tabula
HI-MRSA sekvences tipi (n=53)

Gads Igfl!;:u arcC | aroE | glpF | gmk Pta tpi ygiL ST
skaits
2004. 9 2 3 1 1 4 65 3 368
2005. 8 2 3 1 1 4 65 3 368
2006. 8 2 3 1 1 4 65 3 368
2007. 6 2 3 1 1 4 65 3 368
2008. 5 2 3 1 1 4 65 3 368
20009. 5 2 3 1 1 4 65 3 368
2010. 12 2 3 1 1 4 65 3 368
Ka redzams 8.3.2.1. tabula, visi HI-MRSA pieder vienam sekvences tipam —ST 368.
8.3.2.2. tabula

HI-MRSA noteiktie spa tipi

Gads I:E;?ttsu spa atkartojumi spa tips
2004. 9 15-12-16-02-25-17-25 t425
2005. 8 15-12-16-02-25-17-25 1425
2006. 8 15-12-16-02-25-17-25 1425
2007. 6 15-12-16-02-25-17-25 t425
2008. 5 15-12-16-02-25-17-25 t425
2009. 5 15-12-16-02-25-17-25 t425
2010. 12 15-12-16-02-25-17-25 t425

legiitie rezultati parada, ka Latvija ir izplatits viens endémisks HI-MRSA celms
ST368-MRSA-I11-(t425).

Atseviska grupa, no PSKUS Centralas laboratorijas izolatu kolekcijas ar disku
diftiizijas metodi agara, tika noteikts un péc CLSI standarta analiz€ts antimikrobialas
rezistences profils visiem fenotipiski atSkirigajiem MRSA celmiem aizdomigiem uz
SI-MRSA (n=9). Oksacilina rezistence tika apstiprinata ar E testu un tika izteikta mg/I,
nosakot MIC( skat. 8.3.3.1 tabulu).
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8.3.3. SI-MRSA izolatu fenotipeSana
8.3.3.1. tabula

SIR sistema (N=9) novertéta SI-MRSA izolatu antimikrobiala jutiba

MRSA izolati | Gads [OXA* | GEN | CIP | ERY | TET | CC [VAN | STX | RIF
S-5408 2003 |20 S S S S S S S S
Amb 7 2004 | 2,0 S S S S S S S S
M 228 2004 |20 S S S S S S S S
A-2185 2004 | 0,19 S S S S S S S S
A-0439 2005 | 0,38 S S S S S S S S
20050317-708 | 2005 | 0,19 S S S S S S S S
3256 2005 | 0,09 S S S R S S S S
200601100524 | 2006 | 0,19 S S S S S S S S

Sos no PSKUS un citam laboratorijam atsiititos MRSA izolatus fenotipiski raksturo
oksacilina rezistences/jutibas robezkoncentracija ap 2 mg/l un jutiba pret pargjiem

testetajam antibiotikam.

8.3.4. SI-MRSA izolatu genotipéSana

Lai gttu parliecibu, ka visi, sakot no 2003. gada, péc fenotipiskajam 1ipaSibam
atskirigie izolétie S. aureus celmi ir MRSA, Sie celmi tika verificéti ka MRSA ar
multipleksa — PKR un tad izmekl&ti. Lai raksturotu un apstiprinatu pétijuma ieklauto MRSA
izolatu atSkiribu no citiem datu bazé esosajiem MRSA celmiem un izpétitu to iesp&jamo
piederibu SI-MRSA, pirmkart, ar polimerazes k&des reakciju tika veikts skrinings, lai
noteiktu PVL toksina génus luk —PV, kas ir viena no galvenajam SI-MRSA celmu
raksturigakajam pazimém. PVL toksina génu skrininga PKR, salidzinot ar citam MRSA
molekularas analizes metodém, ir tehniski vieglak veicama, ne tik laikietilpiga, un 1étaka

metode, tade] ta tika izvéléta primarai MRSA izolatu parbaudei (8.3.4.1. attéls).
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PVL(+)

8.3.4.1. att. Luk-PV amplifikacijas produktu sadalijums 1% agarozes gela.
M-molekularais markieris (GeneRuler 100bp Plus, fermenta).
Ar bultinam noraditi PVL pozitivie izolati

Lai gan PVL toksina producgsana ir svariga SI-MRSA identificéSanas pazime, visus
So toksinu producgjosos celmus nevar uzskatit par sadzivé iegiitiem, jo arT hospitalie celmi
var biit PVL toksina producétaji (Naimi et al, 2003, Holmes et al, 2005). Vispirms pirmais
Latvija izdalitais uz sadzivé iegiito MRSA aizdomigais izolats tika salidzinats ar Zviedrija

genétiski lidzigajiem MRSA celmiem atbilstosi 8.3.4.2. att€lam.

40 50 60 70 80 90 100

| a"‘ Il s-5408

Il sEoo-3
Il” SEO00-3a
||| SE00-3c
— | Il SE00-3b
(1] 1] ||lH NCTC 8325
|IIIIIIIIIII ||| lambda

8.3.4.2. att. Zviedrijas un Latvijas ST30 — MRSA -1V izolatu péc pulséjosa lauka

elektroforézes rezultatiem sastadita dendogramma
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Lidzigi HI-MRSA izolatiem, ar1 Saja gadijuma tika veikta izdalito SI-MRSA PVL
pozitivo MRSA izolatu klasificésana péc SCCmec kasetes, sekvences tipa (ST) un spa

kompleksa.

Visiem SI -MRSA tika noteikta viena SCC mec IV tipa kasete (skat 8.3.4.2. tabulu).

8.3.4.1. tabula
SI-MRSA sekvnces tipi (n=9)
Gens
Izolata nr.

arcC | aroE | glpF | gmk pta tpi yqiL ST
S-5408-03 2 2 2 2 6 3 2 30
Amb-7 2 2 2 2 6 3 2 30
A-2185-04 2 2 2 2 6 3 2 30
M228 2 2 2 2 6 3 2 30
A-0439-05 2 2 2 2 6 3 2 30
20050317-708 2 2 2 2 6 3 2 30
20050511-676 1 1 1 1 1 1 1 1
3256 1 1 1 1 1 1 1 1
200601100524 2 2 2 2 6 3 2 1

Analizgjot 8.3.4.1. tabula apkopotos génu sekvencu rezultatus, jasecina, ka visi Sl-

MRSA izolati ir piederigi diviem dazadiem sekvencu tipiem (ST). SeSi no deviniem
celmiem (20050317-708, Amb-7, M228, A-0439-05, S-5408-03) bija lidzigi pirmajam
Latvija identificétajam, SI - MRSA celmam un piederigi ST30 un tris SI-MRSA celmi bija

piederigi ST1.

8.3.4.2. tabula
SI-MRSA spa tipi
Celms spa sekvence spa tips ST SCC mec
S-5408-03 08-16-02-16-02-25-17-24 t019 30 v
Amb-7 08-16-02-16-02-25-17-24 t019 30 v
A-2185-04 08-12-02-43-34-16-02-16 11496 30 v
M228 08-16-02-16-02-25-17-24 t019 30 v
A-0439-05 15-12-16-02-16-02-25-17-24 t021 30 v
20050317-708 15-12-16-02-16-02-25-17-24-24 t012 30 v
20050511-676 07-23-21-22-16-34-33-13 11497 v
3256 07-23-21-16-34-34-33-13 t098 v
200601100-524 07-23-21-16-34-33-13 t127 v

P&c spa tipa tika atrasti divi jauni SA-MRSA ar t1496 un t1497 spa tipiem, kas lidz

§im nebija zinami un masu pétijuma aprakstiti pirmoreiz (skat. 8.3.4.2. tab.).
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8.4. No asinim izdalito S. aureus raksturojums
péc spa tipa Latvija salidzinajuma ar Eiropa izplatitajiem

S. aureus t.sk. MRSA celmiem

Lai noskaidrotu Latvija domingjoSos S. aureus un MRSA celmus un tos salidzinatu ar
citas Eiropas valstis izplatitajiem S. aureus un MRSA celmiem, ka arT noteiktu iesp&jamo
MRSA izplatibu Latvija, PSKUS Centrala laboratorija piedalijas kolaborativa pétijuma, kas
aptvéra 26 Eiropas valstis, 450 slimnicas un 357 laboratorijas. No visam Eiropas
Antimikrobialas rezistences uzraudzibas tikla iesaistitajam Latvijas laboratorijam péc
vienota protokola laika no 2006. gada septembra lidz 2007. gada februarim tika sanemti
pirmie pieci no asinim izdalitie invazivie S. aureus un pieci MRSA celmi. Pie sadzivé
ieglitajiem izolatiem pieskaitija S. aureus izolatus pacientiem, kuriem asins uzs€jums tika
veikts pirmo divu dienu laika p&c iestasanas slimnica, pargjos S. aureus izolatus raksturoja
ka intrahospitalos S. aureus celmus (sk. 8. pielikumu).

8.4.1. tabula dots visu spa tipa noteikSanas pétijuma dalibvalstu raksturojums péc
ieglitajiem rezultatiem.

8.4.1. tahula

S. aureus un MRSA spa tipa noteikSanas pétijuma dalibnieku raksturojums

MSSA | MRSA Izolatu (%)

skaits skaits | netipejas skaits
Austrija 18 48 174 120 54 70 19 1 0,6
Belgija 22 22 195 107 88 65 25 1 0,5
Bulgarija 8 8 54 29 25 23 11 0 0,0
Horvatija 11 11 88 50 38 27 13 6 6,8
Kipra 1 1 16 9 7 8 5 0 0,0
Cehija 20 20 145 94 51 64 9 0 0,0
Vacija 14 30 112 108 4 70 2 3 2,7
Somija 5 5 22 15 7 14 7 0 0,0
Francija 23 23 225 114 111 75 27 0 0,0
Vacija 27 27 180 98 82 56 20 1 0,6
Griekija 3 3 35 20 15 12 6 6 17,1
Ungarija 10 13 110 66 44 35 9 2 1,8
Islande 1 1 5 5 0 5 0 0 0,0
Irija 22 22 169 85 84 55 26 0 0,0
Italija 19 19 147 80 67 53 15 0 0,0
Latvija 11 12 43 38 5 20 1 0 0,0
Malta 1 1 15 3 12 2 5 3 20,0
Niderlande 18 21 204 195 9 98 9 6 2,9
Norvégija 11 20 55 55 0 37 0 2 3,6
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8.4.1. tabulas turpinajums

MSSA | MRSA | Izolatu (%)
. Slimnicu | Izolatu Spa spa skaits, netipéto

Valsts Lab.skaits skaits skaits MSSA | MRSA* tipu tipu kas izolatu

skaits skaits | netipéjas skaits
Polija 23 23 179 132 47 42 14 0 0,0
Portugale 12 12 88 48 40 36 13 0 0,0
Rumanija 10 10 36 25 11 18 3 0 0,0
Slovakija 11 12 58 48 10 29 3 2 3,4
Spanija 21 21 204 113 91 57 19 2 1,0
Zviedrija 20 47 200 195 5 90 5 5 2,5
Apvienota 15 18 131 71 60 50 15 22 16,8
karaliste
Kopgjais 357 450 2890 | 1923 | 967 563 153 62 2.1
skaits

* Piezime. MRSA skaits neatspogulo MRSA izplatibu valsti, jo atbilstosi protokolam tika pé&titi pirmie
pieci MSSA un pieci MRSA no asinim izdalitie invazivie MSSA un MRSA.

No 11 Latvijas laboratorijam un 12 slimnicam tika atsttiti un PSKUS Centralaja
laboratorija izmekl&ti 43 paraugi. No visiem iesititajiem izolatiem 38 bija S. aureus un 5

MRSA izolati.

8.4.1. attela paraditi iegiitie spa tipi dazadas Eiropas valstis.
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43 Latvijas S. aureus izolati veidoja 21 dazadus S .aureus spa tipus (skat 8.4.2.
tabulu), no kuriem biezak sastopamais bija t435 (18,6%) un t015 (11,63%) spa tips.

Mazakus kompleksus no meticilin jutigajiem S. aureus izolatiem veidoja t015-5 (13,2%)/).

No 01.09.2006. g.—01.03.2007. g. asinis izdalito S. aureus spa tipi (n=43).

8.4.2. tabula

spa tipi
MSSA | MSSA | MRSA | MSSA | MSSA | MSSA | MSSA | MSSA | MSSA
t084 t435 | t425 t015 | t331 693 t1255 | t1877 | tl164
t091 t435 t425 t015 | t331 693 t1255 | t1877 | tl64
t189 t435 t425 t015 | t331 693
t002 t435 t425 t015
t160 t435 t425 t015
12928 t435
t2934 t435
spa tipi
t127 t435
t267
t779
t056
t2497
t700
%
daudzums | 30,23 18,6 11,63 11,63 | 6,98 6,98 4,65 4,65 4,65

No visiem analizétajiem MRSA izolatiem, kas bija iesttiti no trim laboratorijam, tika

diagnosticéts viens t425 spa komplekss ST 368, kas apstipringja jau agrak izteikto

piep€émumu par §1 MRSA celma endémisko izplatibu Latvija. Rezultati sakrit ar pétjjuma

rezultatiem citas Eiropas valstis, kur S. aureus un MRSA celmi izplatas galvenokart ka

geografiski noteikti kompleksi ar dazadu izplatibas radiusu. Ka redzams 8.4.3. tabula, katra

no 17 Eiropas valstim vairaki izdalitie S. aureus spa tipi bija vienadi, noliedzot hipoteézi par

nejausu celmu izplatibu regiona.
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Biezak izdalito spa tipu klasteru raksturojums ES dalibvalstis

8. 4.3. tabula

Valsts Labo_ratorij u Dalibas Laboratorijas, _ Domajamais MRSA izoldtn MRSA izolatu
klastera Valsts spa spa kom- Sekven- skaits, kas laboratoriju | Kkas zinoja spa Izolatu izolatu skaits skaits no skaits no kopgja
N tips plekss* cestips | zinoja Klastera rorty . noJ po skaits o kopéja izolatu oo op g
0. tipu skaits tipa klasteru % skaita izolatu skaita %

1. Austrija t190 190 8 7 18 38.9 11 0,9 10 91

2. Belgija t740 740 45 6 22 27.3 15 1,0 11 73

3. Belgija t038 740 45 8 22 36.4 12 0,8 12 100

4, Bulgarija t030 12 239 4 8 50.0 10 0,4 9 90

5. Horvatija t041 1 228 7 11 63.6 14 2,2 14 100

6. Cehija t003 45 225 16 20 80.0 34 3,8 34 100

7. Cehija t130 130 - 3 20 15.0 0,4 100

8. Danija t230 728 45 14 50.0 0,7 0

9. Francija t008 8 8 22 23 95.7 61 13,6 54 89

10. Francija trr7 77 5 6 23 26.1 9 0,7 8 89

11. Vacija t003 45 225 10 27 37.0 24 47 23 96

12. Vacija t032 32 22 27 33.3 29 9,5 29 100

13. Griekija t044 44 80 3 100.0 0,1 8

14. Ungarija t062 Singleton 5 10 20.0 0,3 100

15. Ungarija t216 Singleton 59 7 10 70.0 0,5 100

16. Irija t032 32 22 18 22 81.8 38 8,9 38 100

17. Trija t515 32 22 7 22 31.8 8 0,7 8 100

18. Italija t041 1 228 13 19 68.4 23 3,7 23 100

19. Italija t001 1 228 19 42.1 15

20. Latvija t435 345 427 11 36.4 0,2

21. Latvija t425 425 368 11 27.3 0,1 100
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8.4.3. tabulas turpinajums

Valsts spa L.?bo raFO- Dalibas Laborat(?rlj as, - Domajamais MRSA. izolatu MRSA izolatu

spa Sekven- riju skaits, . kas zinoja spa | Izolatu | . _ . skaits no . S

klastera Valsts tips kom- ces tins Kas zinoia laboratoriju tipa Klasteru | skaits izolatu skaits Kopaia izolat skaits no kopgja

No. P plekss* P S Z1noJ skaits P ** opeIa 1ZofAt | 4, olatu skaita %

klastera tipu % skaita

22. Polija t037 12 239 11 23 47.8 21 2,2 14 100
23. Polija t127 127 1 23 26.1 17 4,0 17 100
24. Rumanija t030 12 239 3 10 30.0 6 0,3 6 67
25. Spanija t067 5,125 18 21 85.7 53 44 43 100
26. Spanija t002 5 15 21 714 28 10,9 14 100
27. Lielbritanija | t032 32 22 12 15 80.0 28 6,9 27 81
50
Kopa 235 - - 504 83,4 438 96
87

* spa kompleksi, kuri ieklauj spa tipus, kuri atSkiras tikai p&c viena indela (inrécija/delécija) vai SNP

**vidgjais izolatu skaits ar noteiktu spa tipu, kas iegiits, modelgjot Eiropas spa tipu izplatibu Adaptéts peéc Grundmann H., Aanensen D. M., van den Wijngaard C.C., et al. Geographic
distribution of Staphylococcus aureus causing invasive infections in Europe: a molecular-epidemiological analysis //. PLoS Med. 2010;7(1):1-14.
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8.4.4. attela Eiropas karté redzami Latvija biezak izdalito S. aureus celmu izplatiba

citas Eiropas valstis.
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8.4.4. att. Latvija izdalito S. aureus spa tipu izplatiba Eiropa (n=43)
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9. DISKUSIJA

2003. gada marta no brucu materiala PSKUS Centralaja laboratorija tika izdalits
S. aureus celms S-4105-03, kas bija rezistents pret oksacilinu, eritromicinu, gentamicinu,
ciprofloksacinu un trimetoprim/sulfametoksazolu. Sadas rezistences profila S. aureus celmi
literattira ir aprakstiti ka stafilokoku hromosoma mecA — meticilina rezistences génu
saturo§ie MRSA celmi. Tai pat laika perioda, S. aureus celmi ar lidzigu fenotipiskas
rezistences profilu tika izdaliti arT citu pacientu materialos ar So pacientu nesaistitas
slimnicas nodalas, un 2003. gada beigas PSKUS kopuma bija registréti 45 meticilina
rezistentie S. aureus infekciju gadijumi. Lai pieraditu So S. aureus tipu piederibu MRSA,
PSKUS Centralaja laboratorija tika izstradatas molekularas tip&Sanas metodes, uzsakta
MRSA celmu kolekcijas un datu bazes veidoSana, ka arT izdalito celmu molekulara izpéte.
Visi pirmreizg&jie MRSA tika registréti un analiz&ti slimnicas infekciju uzraudzibas un
kontroles nodala.

MRSA prevalences raditaji literatiira aprakstitajos gadijumos iev@rojami varié
atkariba no slimnicas profila un slimnicas gultu skaita, valsts ar augstu vai zemu MRSA
izplatibu un citiem faktoriem. Ipasi svariga ir MRSA intrahospitalas izplatibas kontrole
intensivas terapijas nodalas kur slimnieku pliisma ir abos virzienos — no nodalam un uz
nodalam, kas paaugstina iesp&jamu endémiska MRSA izplatibu slimnica (Bouce,1992).
Kaut ar1 nav pieradis, ka MRSA celmi ir virulentaki par S. aureus celmiem, tomér
domajams, ka dazi S. aureus celmi salidzinajuma ar citiem S. aureus celmiem var ierosinat
stafilokoku infekciju epidémiju (Shanson 1981, Cookson, Phillips). Kad MRSA endémiska
uzliesmojuma laika intrahospitalo MRSA izolatu skaits parsniedz 10% no visiem
intrahospitalajiem S. aureus, slimnica ievérojami pieaug vankomicina patérins, ka visbiezak
lietotajam antimikrobialajam preparatam MRSA infekciju gadijuma, kas slimnicas
pacientiem biezak izpauzas ka kadas smagas pamatsaslimsanas komplikacija. (Pavillard
1982, Walsh et al, 1987, Rao et al, 1988, McManus et al, 1989,).

Ka redzams péc MRSA% sadalijuma PSKUS 10.1.3. attéla, lieclakais MRSA gadijumu
skaits registréts intensivas terapijas un kirurgijas nodalas. Meticilina rezistentie S. aureus
biezak bija sastopami intensivas terapijas nodalas ari citas valstis, izp€mumi bija Francija,
Izragla, Irija, Portugale un Malta, kur meticilina rezistento S. aureus un S. aureus celmu
proporcionalas attiecibas bija lidzigas. (EARSS Annual Report, 2005, page 46)

Lai ari ir vérojama tendence MRSA gadijumu skaitam samazinaties 2004.-2010.9. laika
perioda péc 10.1.1. tabulas rezultatiem,§T tendence nav statistiski ticama jo MRSA izplatibu
slimnica ietekmé daudzi faktori un uzraudzibas gadu skaits $aja gadijuma ir nepietiekams.

Ka MRSA izplatibu ietekméjoSie faktori PSKUS jaatzime neatlickamas palidzibas pacientu
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Ipatsvara palielinaSanas, personala izmainas, slimnicas ekonomiskas situacijas izmainas
pedgjo tris gadu laika. P&tijuma nav aptvertas ar MRSA infic€to pacientu pamatdiagnozes
analize, kuriem biezak §i infekcija raksturojas ka pamatsaslim$nas komplikacija, un citi
faktori, kas var ietekm& MRSA izplatibu. Lai pamatotu gadijumu skaita izmainas katra
gada, ir nepiecieSama detaliz€ta katra gadijuma analize saisttba tadiem mainigiem
lielumiem ka slimnicas iek$gjas struktiiras izmainam S$aja perioda, slimnieku kontingentu
raksturojosiem liclumiem, slimnieku skaitu nodalas, gultu noslogojumu, riska pacientu
grupu apsekoSanu, medicinas personala apmacibu sanitaras higi€nas normu ievéroSana pie
endémiskas situacijas nodala, slimnicas ekonomisko situaciju Sai perioda, slimnicas
personala izmainas un studentu plismas intensitati augsta MRSA riska nodalas un citiem
faktoriem. P&c rezultatiem MRSA gadifjumu skaitam nav raksturiga sezonalitate un
gadijumu skaita svarstibas gada méneSos ir atkarigas no citiem faktoriem.

P&c rezultatiem novérojams statistiski ticams MRSA n&sataju Tpatsvara pieaugums no
visiem registrétajiem MRSA gadijumiem 10.1.2. attela, kas, domajams, saistita ar labaku
pacientu skrinigu uz MRSA nésaSanu, MRSA infekciju atpazistamibu, un agrinu MRSA
laboratorisko diagnostiku. Pretepidémisko pasakumu kopums MRSA infekcijas gadijuma
iesp&jams ietekmeja art MRSA Tpatsvara samazinasanos no visam S. aureus ierosinatajam
bakterémijam (10.1.4. att€ls), kuru gadijumos tika nozimé&ta labotatoriska asins paraugu
izmekleéSana. Lai ar1 pacientiem ar ilgstoSu temperatiiru, kliniski smagam blakném,
neefektivu standarta terapiju tiek noziméti asins uzs€jumi, tomeér vienotu vadliniju trikums
asins paraugu nonemsanas indikacijam pie aizdomu gadijuma par bakterémiju, iesp&jams,
ietekmé pétijuma rezultatus saistiba ar MRSA atradni asins paraugos.levérojamais asins
paraugu skaits un MRSA atradne asinis, visticamak, ir saistita ar uzsakto Latvijas veselibas
apripes reorganizacijas procesu un atsevisku slimnicu slégSanu, ka rezultata palielinajas
kliiski smagu pacientu 1patsvars 2010. gada.Tadejadi apstipringjas izvirzita hipotéze, ka
MRSA infekcijas nav nejausa paradiba Latvijas slimnicas, ka tika domats sakotngji, bet $1
izsauc€ja ierosinato infekciju atpaziSana un uzraudziba ir kluvuSas par vienu no
laboratorijas, infekciju kontroles un epidemiologu ikdienas darba uzdevumiem.

Lai noskaidrotu MRSA izplatibu Latvija salidzinajuma ar citam Eiropas valsitm, visi
S. aureus, t.sk. MRSA pozitivie asins uzs€jumi tika izmekléti un registréti atbilstosi EARSS
Net protokolam un salidzinati ar citu valstu rezultatiem. Ka obligats priek$nosacijums bija
daliblaboratoriju iesaistiSanas ikgad&jas ar€jas kvalitates kontroles programmas saistiba ar
izdalito mikroorganismu identifikaciju un antibakterialas jutibas noteikSanu lai nodro$inatu

legiito datu ticamibu un kvalitati. 2004. gada, kad Latvijas slimnicas un laboratorijas

97



iesaistijas Eiropas antimikrobialas uzraudzibas tikla, vidgjais MRSA 1patsvars Eiropa no
visiem asinis izdalitajiem S. aureus bija 24% ar lielam atSkiribam Eiropas ziemelu dalas
valstts mazak par 1%, Centralaja Eiropa 5-20% un visaugstakajiem raditajiem Eiropas
dienvidu rajona valstis 30—40%. Pret citiem antimikrobialajiem preparatiem Sai laika
perioda salidzinos$i S. aureus rezistence bija viszemaka pret rifampicinu un visaugstaka pret
ciprofloksacinu. 2004. gada Latvija MRSA procentuala attieciba pret visiem izdalitajiem
invazivajiem S. aureus izolatiem asinis bija 26% (23/87) ka redzms 10.2.2.tabula un
ievérojami at$kiras no citam ziemelu regiona valstim, pieméram, Zviedrijas — <1%, Somijas
3% un kaiminu valsts Igaunijas — 5%. Iesp&jams, ka situacija visa valsti $aja laika perioda
bija vél sliktaka, jo antimikrobialas uzraudzibas tikla bija iesaititas tikai apm@ram puse
Latvijas slimnicu ar to apkalpojosam mikrobiologijas laboratorijam un dati par aptverto
iedzivotaju populaciju uzskatami par neprecizu raditaju, kas pamatojas uz anket€Sanas
rezultatiem2005. gada vid€jais invazivo meticilina rezistento S. aureus Itmenis Eiropa bija
zemaks par 25%, ar stabili zemiem raditajiem Latvijas kaiminu valstis — Islandé — 0%,
Norvégija — 1%, Zviedrija — 1% un Igaunija samazinajas lidz 2%. Latvija meticilina
rezistento S. aureus Tpatsvars samazinajas tikai nedaudz un sastadija 19% no visiem
izdalttajiem 127 S. aureus celmiem.

Raksturigi, ka Latvija izdalito invazivos MRSA fenotipiski raksturoja multirezistence
pret makrolidiem, hinoloniem, tetracikliniem, dalg&ji aminoglikozidiem, sulfametatoksa-
zolu/trimetoprim un jutibu pret rifampicinu. 2006.-2007. gada Eiropa pusei EARSS tikla
dalibvalstu MRSA proporcijas no visiem zinotajiem invazivajiem S. aureus asinis bija
vairak par 25% un nemainigi $ads rezultats no Centraleiropas valstim bija Lielbritanija un
Irija. Ziemelvalstu un Igaunijas meticilina rezistento S. aureus proporcionalais ITmenis bija
salidzino$i nemainigs un 2006. gada ar1 Lietuva meticilina rezistento S. aureus proporcija
no visiem zinotajiem invazivajiem S. aureus asinis bija ievérojami zemaka un sastadija
12%, salidzinot ar Latviju.

Iesp&jams, ka Sie rezultati nav objektivi, jo tikai Latvija no trijam Baltijas valstim, Sai
perioda bija pieejamas molekularas izmekléSanas metodes MRSA izolatu apstiprinasanai.
Kopuma var teikt, ka dazadas Eiropas valstis laika perioda no 1999. lidz 2009. gadam
meticilina rezistenta S. aureus Tpatsvars procentuali svarstijas no mazak ka 1% Iidz vairak
ka 50% no visiem izdalitajiem invazivajiem S. aureus izolatiem asinis. Nemainigi Eiropas
dienvidu regiona valstis Sie rezultati bija augstaki.No 2007. gada 31. julija Valsts agenttra
»Sabiedribas veselibas agentiira”ar rikojumu nr. 41. pienéma ,,Labas sabiedribas veselibas

prakses vadlinijas ricibai meticilinrezistenta Staphylococcus aureus (MRSA) apstipri-
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nasanas gadijjuma stacionaras arstniecibas iestades". Domajams, ka pasakumi MRSA
izplatibas ierobezoSanai bija veiksmigi un dal&ji izskaidro perioda efektu, kad Latvija
2006. — 2007. gada MRSA gadijuma skaits samazinajas lidz 7,5% no kopgjo S.aureus skaita
asinis. Detaliz&ti analiz&jot 2008. gada antimikrobialas rezistences uzraudzibas tikla darba
rezultatus Latvija, redzms, ka procentualais MRSA izolatu skaita pieaugums, salidzinot ar
visiem no asintm izdalito S. aureus izolatiem laboratorijas, ir saistits ar vienu no slimnicam,
kur, iespgjams, MRSA ir endémisks viena nodala un sastada vairak neka 94% no visiem no
asinim izdalitajiem S. aureus (15 no 16 S. aureus izolatiem) ka redzams 10.2.2.attgla.
Kopuma laikd no 2004. Iidz 2009. gadam Latvija lidzigi ka Slovakija un atskiriba no
pargjam EARSS Net tikla ieklautajam Eiropas valstim saglabajas tendence no asinim
izdalito MRSA izolatu skaitam samazinaties (Kock et al, 2010).Uzskatami MRSA situacijas
izmainas 2004.—2010. gada paraditas 9.1. attela.

RRpOmn

TLEITER
EREONE

9.1.att. MRSA procentualais daudzums Eiropa un samazinasanas tendences Latvija

(EARSS 2004.-2009.9.).
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Literatira aprakstitie sadzivé iegtutie MRSA celmi, kurus fenotipiski raksturo jutiba
pret lielako dalu antimikrobialo vielu (Herold et al, 1998) asinis laika perioda no 2004.1idz
2009. gadam Latvijas EARSS daliblaboratorijas netika izdaliti. Iesp&jams, ka tas ir saistits
ar nelielo invazivo sadzivé iegito MRSA infekciju izplatibu Latvija vai iesp&u $adus
celmus nediagnosticét, jo oksacilina rezistence Siem celmiem nereti ir uz jutibas robezas, ka
ar1 to, ka sadzivé iegiitas MRSA infekcijas biezak izpauzas ka adas un miksto audu
slimibas, ko arsté ambulatoriski.

Pé&c fenotipiskajam paSibam nebija iesp&jams noteikt dazado MRSA celmu izplatibu
Latvija, jo visiem MRSA celmiem bija raksturiga multirezistentce. Tadé] no dazadiem
patologiskajiem materialiem tika izvéléti 2004.—2010. gada izdalitic MRSA celmi no
PSKUS Centralas laboratorijas kolekcijas padzilinatai fenotipiskai izveértésanai,
pamatojoties uz dazadu ikdienas praksé lietotu antibiotiku minimalas inhib&josas
koncentracijas noteikSanu ar VITEK 2 analizatoru. Péc iegiitajiem rezultatiem, domajams,
ka visi izdalitie MRSA izolati ir 1idzigi un ir izplatijies viens vai vairaki HI- MRSA celmi.
Otru skaita zina salidzino$i mazaku grupu veidoja PSKUS Centralas laboratorijas datu baze
esosie S. aureus izolati, kuru antibiotikogrammu rezultati ievérojami at$kiras un parsvara
bija jutigi pret visam ikdienas prakse€ lietotajam antibiotikam. ArT oksacilina rezistence péc
minimalas inhib&josas koncentracijas Siem izolatiem svarstijas uz rezistences robezas.

Nemot vera, ka S. aureus ka oportiiniskais patogéns ierosina plasa spektra sadzivé un
arstniecibas iestadés iegiitas infekcijas, MRSA celmu molekulara izpéte bija pétijuma
izp@tes procesa nozimiga sastavdala. S. aureus izolatiem ir raksturiga iegifito virulences un
rezistences génu klonala genétiska izcelsme, jo S. aureus Sos virulences un rezistences
geénus ieglst horizontalas DNS parnesanas cela (Enright et al, 2002), tadél ar genétiskas
tipeSanas metodeém iesp&jams atrast dazadu MRSA celmu klonus ar specifiskam virulences
un rezistences determinantem (Feil et al; 2003). Daudzie hromosomalie S. aureus
genétiskie markieri dod plasu atbilstoso S. aureus celmu klasifikaciju klonalos kompleksos
(Enright, 2000). Katram MRSA celmam ir raksturigi divi genétiskie markieri — SCCmec
tips un klonala kasete. Pamatojoties uz identificéto S. aureus klonu dazadibu vai pretgji
viendabigumu, iesp&jama saméra preciza sabiedribas veselibai nozimigu celmu izplatiSanas
kontrole, pieméram, sadzivé un arstniecibas iestadés iegita MRSA, ta evoldcijas un
epidemiologijas uzraudziba.

Pamatojoties uz klinisko informaciju un laboratoriju datiem Danija, 2001. gada tika
veikta detalizéta 81 MRSA celmu epidemiologiska un molekulara izpéte. MRSA tika

raksturoti un tipéti, izmantojot pulséjosa lauka elektroforézi (PFGE), spa tip&Sanu,
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multilokusa sekven¢u un SCCmec tipéSanu. Salidzinot 45 sadzivé iegiitas MRSA izraisitas
infekcijas un 36 ar arstniecibas iestadeém saistitas MRSA izraisitas infekcijas, tika novérotas
vairakas biitiskas atskiribas. Sadzive iegtito MRSA izdalija galvenokart no adas un zemadas
infekcijam. Siem celmiem bija raksturigs Panton-Valentine leucocidin toksins un lielaka
dala no tiem (84%) piederéja vienam klonalajam ST80- MRSA tipam, kas reti bija
sastopams intrahospitalajiem MRSA celmiem. Intrahospitalos MRSA celmus raksturoja
liela klonala dazadiba, ieskaitot dazus pandémiskos klonus. Domajams, ka nelielais
intrahospitalo infekciju skaits un liela izdalito klonu dazadiba varétu biit infekciju kontroles
pasakumu rezultats, kas ierobezoja MRSA izplatibu Danijas slimnicas. ST80-MRSA klona
izplatibas mehanisms sadzivé nebija zinams (Faria et al, 2005).

Parbaudit visus PSKUS kolekcija esoSos izolatus ar genétiskas tipéSanas metodém
ierobezoto materialo resursu dél nebija iesp&jams, tade] izpétei tika izveleti atseviski 2004.—
2010. gada izdalitie MRSA celmi no PSKUS Centralas laboratorijas izolatu kolekcijas. P&c
SCC mecA kasetes tipa, ST un spa tipa visi MRSA izolati laika no 2003. Iidz 2010. gadam
bija genétiski vienadi — ST368-MRSA-III, iznemot pirmo S-4105 MRSA celmu. MLST
analize liecindja, ka Latvijas slimniekiem izdalitais ST368-MRSA-III pieder klonalajam
kompleksam CC8. Ta genétiski tuvakais celms ir ST239-MRSA-III, kas ir plasi izplatits
Lielbritanija Vacija un Polija. Latvijas i1zolata vieta hipotétiska evoliicijas modelt CC8

kompleksa ir paradita 9.2. attéla.

101


http://www.ncbi.nlm.nih.gov/pubmed?term=%2522Faria%20NA%2522%255BAuthor%255D

N T /"

Y ﬂ\
ST257-MRESAL ST24T-MRSA1
O

\ ”

Eell)

K1)
isucn_ Uﬁu,i : UKL | \\ -
alpFé SCCmer TWFFHB aret]
SO T -mcc;r;;h\ o type 1 —QBLO anord N
FMEB- QeLo o
QBLOBLPO_ [ST230-MRSA- ??BFL',';'-,E' ST23SMREA-|
| 5 R mn——_
‘fa‘f \Den* (13, Swicl) Rl
/;"‘HMRSP:\J — Ugail) _/
ol B “
A A N g
| STOMSSA | éan-uns&-m- /’—* /f‘—‘*\\
SCC:M- *
Der*(]) ,J Pakly )f' IpFE ;
. F'T"_'ﬂ MnsnrlJ A3 (}‘FN&MRSM!
o
m:'FIJ / ) \E‘mm Ceril)./ ]
s sfnmﬁr STE-MRSA wa&T Newdl) 4 , \‘\-__,-
smmssn. \ bl USAIl

CCS( ey
SCCmer type I

—— e
ey Femad

- .

\ Po
3531763 areCh i1, UKE) Swedl)
s AS F3 /
wmmm 5 o N
— s //'_\ /
SCCmec|  SCCmer k. \ g
type VA W WEEACMQ vsoamsam 0 |§T'-1| -MRSA
ﬂ”m Ges(l), Porh, |—
o 'SIS—MRSP.—[V] S r-mm/
(5T MRSA Y ( f—_— 3 pall
Fuail) ' S
s 3 T:-‘IJ-MRS.'\-II\I]

. poy : ;
e ™~ e =) ]
,"';;Ts MESAIVY type [/ sTemsal) ST368
I :I (s‘ma-mn&a-m MRSA-
Y Ausil). ()  Ire(ly, UEC) Tielly I1Latvija
N2 M Lavi

9.2.att. SCC 111 tipa kasetes hipotétiskais izcelsmes modelis

Bez tam PSKUS Centalaja laboratorija no 2003. gada tika veikta slimnica izdalito un
no citam slimnicam apstiprinasanai un padzilinatai izpétei atstitito MRSA 1izolatu izpéte, ka
tipéSanas metodi lietojot visu pétito izolatu spa tipa noteik$anu un iegiito rezultatu ievadi
centrala Rindom SpaServer serveri (www.spaserver.rindomde) centralizétai datu apstradei
(8. pielikums).

Ka redzams péc pétijuma rezultatiem Eiropas savienibas dalibas valstts MRSA kloni
izplatas galvenokart ka geografiski noteikti kompleksi, kuru izplatibas radiuss ir dazads.
Hipotetiski var pienemt, ka Latvija sastopamie S. aureus celmi ir izplatfjusies no tuvéjam
Eiropas valstim: Polijas, Vacijas, Horvatijas, kur sastopami Latvijai raksturigie spa
kompleksi, lai gan domingjosie tipi $ajas valsts ir citi —

(http://www.spatialepidemiology.net/SRL-Maps).
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9.3. att. Latvija un citas Eiropas valstis sastopamie S. aureus spa tipi.
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9.4. att. 002 S. aureus spa tipa izplatiba Latvija un Eiropa

Zila krasa - Latvija izdalitais t002 S. aureus klons. Zala krasa — citas t0021 klona izplatibas geografiskas vietas S. aureus celmos

Sarkana krasa — t002 klona izplatiba meticilina rezistentajos S. aureus celmos.
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Sadu meticilina rezistenta S. aureus celma klonalu izplatisanos var raksturot ar Latvija
izdalita un citas Eiropas valstis sastopama S. aureus spa tipa t002, kas sastopams gan S.
aureus, gan MRSA celmos un §7 izplatiba ir paradita 9.4. attéla.

Kopuma §1 pétijuma ietvaros 86,9% no izdalitajiem S. aureus izolatiem bija meticilina
rezistenti. Desmit Eiropas valstis situaciju raksturoja divi biezak sastopamie spa tipi. Cetras
no tam divi spa tipi bija genétiski lidzigi un piedergja vai nu tam pasam spa kompleksam,
vai at$kiras ar vienu gendtiskas determinantes variaciju. Pieméram, Cehija un Vacija bija
izplatits spa tipa t003(t003/ST225/SCCmecll), Bulgarija un Rumanija — t030
(t030/ST239/CSSmeclll), Italija un Horvatija — t041(t041/ST228, SCCmecl). P&c spa tipa
izplatibas Eiropas karté un spa datu bazes redzams, ka Latvija ir sastopams Viens
endémiskais MRSA celms — t425, bet no visiem izmekl&tajiem izolatiem ir divi domingjosie
MRSA kompleksi — t435 — (21,2%) un t015-(97,9%) un nav sastopams S. aureus celmos,
lidzigi citiem pétjjuma iesaistito valstu rezultatiem, kur izdalito MRSA un S. aureus celmu
spa atkartojumu kompleksi bija vidgji divi biezak sastopamie kompleksi valsti ar
atseviskiem iznémumiem, kas raksturo endémisku MRSA celmu izplatibu katra
valsti/regiona (Grundmann et al, 2010).

Vispirms izplatijies slimnicas visa pasaule MRSA paslaik jau kluvis ar1 par nozimigu
sadzivé iegiistamu patogénu. 1993. gada Australija identificgja pirmos MRSA celmus, kas
tika izdaliti no slimniekiem, kuri ieprieks nebija atraduSies arstniecibas iestade. Ka paradija
turpmaka izpéte, Sie celmi ieveérojami atSkiras no lidz $im zinamajiem intrahospitalajiem
MRSA celmiem (Udo, Grubb,1993). Pazimes, kas atSkir hospitalos MRSA celmus no
sadzivé iegiistamajiem, ir hospitalo riska faktoru neesamiba, jutiba pret lielako dalu
antimikrobialo vielu, iznemot beta laktamus (Herold et al, 1998), atskirigs hromosomalais
fons, kas nesakrit ar biezak atrasto hospitalo celmu genotipiem (Vandenesch et al, 2003), IV
vai V tipa SCCmec kasete, kas reti sastopama intrahospitalajiem celmiem (Okuma et al,
2002, Vandenesch et al, 2003, Ito et al, 2004), ka ar1 géni, kas kodé Pantona — Valentina
leikocidinu — PVL toksinu (Dufour et al, 2002). Visas §is pazimes var veiksmigi analizét ar
molekularas biologijas metodém. Otra SI-MRSA izolatu ipatniba ir ar ta, ka nereti tie aug
atrak par hospitalajiem celmiem. Salidzinos$i lielais augSanas atrums varbat ir
priekSnosacijums tam, lai SI-MRSA varétu veiksmigi koloniz&t cilvéka organismu,
izkonkurgjot citas baktérijas (Okuma K. Et al., 2002). SI-MRSA celmi var rasties divos
veidos — intrahospitalie celmi var nonakt arpus slimnicas, kur tie izplatas no individa uz
individu, bet tie var rasties ari de novo, MRSA celmam iegiistot meticilina rezistences génu

kompleksu. S. aureus celmi, ieskaitot ari MRSA, var kolonizét saimnieka organismu ilgu
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laiku pirms infekcijas izraisiSanas. HI-MRSA kolonizacija parasti netiek diagnosticéta un
var izraisit infekciju pat vairakus ménesus péc slimnieka izrakstisanas no slimnicas, kad
vin$ jau atrodas sabiedriba, tadé] ir grati noteikt to MRSAcelmu rasanos, kas sadzive
izraisTjusi MRSA infekcijas.

Literatiira dazadu autoru defingjums SI-MRSA celmiem atskiras, pieméram, sadzivé
ieglta izolata defingjums parasti pamatojas uz MRSA izolacijas laika attiecibu pret
hospitalizacijas laiku. Rezultata lielaka dala sadzivé iegtito MRSA gadijumu ir saistiti ar
nesenu tieSu vai netieSu saistibu ar arstniecibas iestadi, pieméram, nesenu hospitalizaciju,
medika majas viziti, klinikas apmekl&jumu, antibiotiku terapiju, hroniskam slimibam vai
cieSu kontaktu ar Siem riska faktoriem paklautu personu. Tas Viss liecina, ka §is infekcijas ir
saistitas ar HI-MRSA, kas ir nonakusi arpus slimnicas. Sada veida tipa sadzivé iegiitie
MRSA celmi parasti ir multirezistenti.

Otra veida SI-MRSA celmi, kas tiek izoléti no pacientiem, kuriem nav bijusi
saskarsme ar arstniecibas iestadém vai to darbiniekiem, biezak ir jutigi pret antibiotikam,
iznemot beta laktama antibiotikas. Ja pirmie SI-MRSA celmi tika izoléti seksualo
minoritasu un nelabvéligo sabiedribas slanu individiem, tad velak tie tika izol&ti jau arT no
labklajigas vides, skolniekiem, sportistu grupam, jauniesauktajiem un citiem noslégtiem
kolektiviem (Charlebois et al, 2004).

Pedgja laika PVL ir izraisijis lielu interesi, nemot véra ta saistibu ar bé€rnu un jaunu
cilvéku saslimSanu, nenonakot kontakta ar arstniecibas iestadem. ASV ir konstatéti adas
infekciju uzliesmojumi homoseksualiem cilvékiem, ieslodzitajiem un ari skolniekiem.
Lidzigi zinojumi ir sanemti par ar PVL saistitam adas infekcijam geju sabiedribas
Niderlandg (Wannet, 2003), skolniekiem Sveicé (Boubaker et al, 2004) un veselibas apriipes
personalam Skotija (Scottich Centre for Infection and Environmental Health, 2002).
Satraucoss ir fakts, ka pieaug tadu gadijumu skaits, kad PVL pozitivie celmi ir saistiti ar
sadzive iegiitu nekrotisku pneimoniju. PVL producgjoso S. aureus saistibu ar sadzive iegiito
pneimoniju pirmo reizi aprakstija Lina, kas izstradaja ari PKR PVL génu noteikSanai (Lina
et al, 1999) un, apstiprinot ieprieks€jos pétijumus, kas veikti ar dubulto imindifuzijas
metodi, pieradija, ka PVL géni ir loti cieSi saistiti ar primarajam adas infekcijam, 1pasi,
furunkulozi (Holmes et al,2005). PVL génus visa pasaulé izmanto par markieri sadzivé
iegiito MRSA celmu identificéSanai.

Latvija pirmais PVL pozitivais SI-MRSA celms tika izoléts driz péc pirmajiem
atklatajiem HI-MRSA celmiem 2003. gada sakuma. PVL pozitiva ST30-MRSA-1V celma

izoléSana Latvija bija svarigs atklajums un apstiprinaja hipotézi par SI-MRSA izplatibu

106



sabiedriba P&éc génu sekvencu rezultatiem, izdalitie SI-MRSA bija piederigi diviem
dazadiem sekvencu tipiem: ST30 un ST1.

Analizgjot piecu izdalito SI-MRSA ST30 celmu spa géna variablo atkartojumu
regionu sekvences, tika noskaidrots, ka Siem celmiem ir dazadi spa tipi. Nemot véra nelielo
SI-MRSA izolatu skaitu, bija iesp&jams izveidot tikai hipotétisku modeli par spa tipa t021

izveidoSanos no t012, un tai sekojosu t019 izveidosanos no t021.

15-12-16-02-16-02-25-17-24-24
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9.5. att. Meticilinrezistento S. aureus spa tipu parveido$anas hipotétiskis modelis

(Zila krasa atziméti hipotétiskie celmi, kas praksé netika izdaliti.)
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MRSA ir viens no galvenajiem nozokomialo infekciju izraisitajiem daudzas attistitas
pasaules valstis (Lowy, J. Clin. Invest., 2003, 111:1265-1273). IpaSam riskam ir paklauti
gados vecaki cilveki, kirurgisko un intensivas terapijas nodalu pacienti. S. aureus citu
patogénu vidi izcelas ar tam piemitoSu virulenci, sp&ju izraisit virkni dazadu dzivibai
bistamu infekciju un atri pielagoties apkart&jas vides izmainam. Seviski jauzsver S. aureus
celmu rezistence pret daudzam antibiotikam, kas apgriitina un sadardzina terapiju. P&€dgjos
gados MRSA ir paradijies arT Latvija. Lai arT ir nepiecieSama turpmaka MRSA infekciju
molekulari epidemiologiskas informacijas analize, veiktais pétijums ir devis pieradijumus
MRSA izplatibai Latvija un noradijis virzienus zinatniski pamatotai MRSA infekciju
kontroles un epidemiologijas izpétei MRSA infekciju gadijumos, ka arT ir izstradatas

metodes izdalito MRSA klonalas piederibas noteikSanai.

10. SECINAJUMI

1. Kopgjais MRSA gadijumu skaits PSKUS no 2004.-2010. gada ir bez batiskam
izmainam. P&tijuma perioda statistiski ticami pieauga no jauna identificéto MRSA
nésataju skaits un samazinajas MRSA bakterémiju ipatsvars, kas norada uz MRSA
uzraudzibas pasakumu efektivitati.

2. Petijuma perioda Latvija, Iidzigi Eiropas valstim — Austrijai, Bulgarijai, Francijai,
Griekijai, Irijai, Rumanijai un Lielbritanijai, MRSA bakterémiju Tpatsvars no visam
S.aureus ierosinatajam bakter€mijam konsekventi samazinajas no 26,6% (2004. g.) Iidz
9% (2009. g.).

3. Latvija ir endémiski izplatits viens HI — MRSA celms - ST368-MRSA-III, kas pieder
t425 spa tipam. Bez tam Latvija ir konstatéti divi SI-MRSA celmi: ST30-MRSA-IV un
ST1-MRSA-1V, bet to izplatiba nav zinama.

4. ST368-MRSA-IIl nav sastopams ka intrahospitalo infekciju izsaucgjs citas Eiropas
valstis, kas apstiprina §1 celma endémisko izplatibu Latvija, bet ir zinami MSSA celmi,
kuri pieder §im sekvences tipam. ST30-MRSA-IV un ST1-MRSA-IV ir identiski
Eiropa sastopamajiem SI — MRSA celmiem.
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14. PIELIKUMI

1.pielikums
Laboratory Questionnaire
General characteristics
EARSS Laboratory code City
Postal code of the laboratory
Number of hospitals served by
your laboratory
EARSS hospital codes for these
hospitals
Service characteristics 2005

If available, please provide us with:
l.a The total number of blood culture requests (sets) in 2005

(If not available, please answer questions 1b and 1c) (number)

OR
1.b The total number of blood culture bottles in 2005

(number)

AND

1.c The total number of bottles per blood culture request (set) (number)

2. The total number of blood culture requests (sets) reported
positive for all bacterial pathogens (Try to exclude
contamination if possible)

3. How many sets per patient do you collect during a
normal diagnostic investigation?

4.  Which system/test-kit is used in your laboratory to
identify Klebsiella pneumoniae at the species level?

Internet access

Contamination
excluded?

O Yes

4 No

O Unknown

(number)

(name of test)
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5. With respect to the new internet based information system EARSS-ibis that we are offering to you,
please provide us with the type of internet connection of the laboratory:
U Dial-up modem
O Non-dial-up connection like ISDN or cable
Q Other, please specify:
U None
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2.pielikums

Hospital Questionnaire

General characteristics

EARSS Hospital code EARSS Laboratory code
(for example NLOO1A) (for example NL001)
Postal code of the hospital City of the hospital
Care level
1. The level of care of the hospital IMPORTANT: check the changed definitions!)
(tick appropriate box) Q Primary level, often referred to as a district

hospital or first-level referral. Has few specialities, mainly internal medicine,
obstetrics-gynecology, pediatrics, and general surgery, or only general practice;
limited laboratory services are available for general, but not for specialized

pathological analysis; bed capacity ranges from 30 to 200 beds.

U Secondary level, often referred to as provincial hospital. Highly
differentiated by function with five to ten clinical specialities; bed
capacity ranging from 200-800 beds.

U Tertiary level, often referred to as central, regional or tertiary-level
hospital. Highly specialized staff and technical equipment, e.g.,
cardiology, ICU and specialized imaging units; clinical services are
highly differentiated by function; may have teaching activities; bed
capacity ranges from 300 to 1,500 beds.

U Other, please specify: (any single specialty)

If you have any remarks regarding your answer to this question, please type here
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5.a

5.b

Hospital size

Best estimate of catchment populatiol
your hospital in 2007*

(contact hospital administration)

(number)

*We realise that university/teaching hospitals may also serve as district hospitals, thereby actually

serving two different

populations. If this is true for your hospital, please provide the catchment population for the

university/tertiary care level.

Hospital size in beds in 2007

Number of intensive care beds
in 2007

Total number of patient days*
in 2007
OR (if not available at all)

The average occupancy rate
in 2007

Total number of patient
admissions in 2007

(number of beds)

(number of beds,
including paediatric/neonatal beds)

(number of patient days)

(%)

(number of admissions)
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3. pielikums

Manual EARSS

Annex 3. Isolate Record Form S. aureus

To be filled out by laboratory

Instructions: please send data of the first blood-isolate of every patient with a 5. aureus infection,
confirmed by a coagulase test. Please send data on resistant and on susceptible isolates:

use | form per isolate.

Laboratory Data
Current date dd/mm/yyyy ! !
Laboratory Code * Ccooo

Isolate Data

Isolate sample number (lab) max. 12 characters |  ____________
Date of sample collection dd/mm/yyyy / /
Patient Data
Patient ID / Code max. 12 characters |  __ __ ________
Sex tick box 3 Male 3 Female 3 Unknown
Month + Year of birth mmyyyy /
Clinical diagnosis free text
Hospital Data
Namefcode of hospital** 000X

Origin of patient tick box 3 Admitted 3 Outpatient 3 Unknown

Date of admission dd/mm/yyyy Y Y R

Hospital Department tick box 3 Surgery 3 (Internal) Medicine 3 Infectious diseases
3 Ok Gyn a 1cu 3 Emergency

3 Urology T Haematology/oncology 3 Pediatrics/neonatal
3 Pediatric/neonatal ICU 3 Other:

Antibiotic susceptibility testing S/VR Zone diameter MIC
S/I/R. zone andior MIC (fillin S, TorR) (mm) (in mg/1)

A Cefoxitin - Disk load............ ANDVOR (I LI

3 Oxacillin [ LI

Linezolid [ [

Rifampin [ [

Vancomycin [ [

PCR mecA-gene T positive T negative T unknown (incl. not done)

PBP2a agglutination 3 positive T negative T unknown (incl. not done)

Optional
Ciprofloxacin [ [
Erythromycin [ [
Fusidic acid [} [
Gentamicin [ [
Tetracycline [} [
Clindamycin [ [
Other: v [ [
Other: ...

* The national co-ordinators provide the laboratory code, consisting of a Country Code (CC) followed by 3 numbers.
** Consists of three numbers of the laboratory code, followed by a letter identifying the hospital.

Send this form to: PP o : 113 1< (1 ER (11153

Address: e v Tl i, Faxs E-mail: oo,
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4. Pielikums
Antimikrobialas rezistences profils izteikts mg/1 izveletiem MRSA izolatiem 2004.—2010.9. (n=53)
Nr. | Registracijas Gads Izmeklgjamais OXA GEN CIP ERY CcC TET VAN STX RIF
pk. nr. materials R| S| R|SIR|S|R| S R [S|IR| S |R|S| R S |R
1 a-241 2004 Asinis >4 >16 >8 >8 ind.rez. >16 | <0,5 <10 <0,5
2 a-2159 2004 asinis >4 >16 >8 >8 ind.rez. >16 | <0,5 160 | <0,5
3 §-2259 2004 Likvors >4 >16 >8 >8 | <0.25 >16 | 15 80 <0,5
4 s-4143 | 2004 |  |rahejas >4 >16 | |28 | |[=8 indrez. | | 216 | <0,5 160 | <0.5
aspirats
5 s-5505 2004 | Bronhu skal. >4 >16 >8 >8| 05 >16 | 1,5 >320 | <0,5
6 s-5570 2004 Bronhu skal. >4 >16 >8 >8 ind.rez. >16 | <0,5 160 | <0,5
7 s-8378 2004 Briices mat. >4 >16 >8 >8 ind.rez. >16 1 160 | <0,5
8 s-8628 2004 Abscesa sat. >4 >16 >8 >8 ind.rez. >16 1 40 <0,5
9 5-8849 2004 Briices mat. >4 >16 >8 >8 ind.rez. >16 1 >320 | <0,5
10 s-1053 2005 Nav datu >4 >16 >8 >8 ind.rez. >16 | <0,5 40 <0,5
11 5-8188 2005 | Bronhhu skal. >4 >16 >8 >8 ind.rez. >16 1 160 | <0,5
12 5-9954 2005 Krépas >4 | <0,5 >8 >8 ind.rez. >16 1 <10 <0,5
13 s-10380 | 2005 Trahejas >4 >16 >8 >8 ind.rez. >16 | 1 160 | <05
aspirats
14 $-9058 2005 Drenas sat. >4 >16 >8 >8 ind.rez. >16 | <-5 <10 <0,5
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4.pielikuma turpindjums

Nr. Registracijas Gads Izmeklejamais OXA GEN CIP ERY cC TET VAN STX RIF
p.k. nr. materials R| s |RI|SIR|SIR R |[s|R | s s| R | s |R
15 $-9747 2005 Krépas >4 >16 >8 >8 ind.rez. >16 | 1 80 | <0,5
16 s-10092 | 2005 Trahejas >4 | <0,5 >8 >8 ind.rez. >16 | <0,5 <10 <0,5
aspirats
17 510409 | 2005 'Zé”epe ho >4 >8 >8 ind.rez. >16 | <05 160 | <0.5
eguna
18 a-73 2006 asinis >4 >16 >8 >8 ind.rez. >16 1 20 <0,5
19 a-474 2006 asinis >4 >16 >8 >8 >8 >16 | 1 >320 | <0,5
20 s-1672 2006 Strutas >4 | <0,5 >8 >8 >16 | 1 20 <0,5
21 s-2091 | 2006 Briices >4 | <05 >3 | |>8 ind.rez. >16 | 1 20 <0.5
materials
22 $-6088 2006 Briices >4 >16 >3 >8 >8 >16 | 1 >320 | <-5
materials
23 s-7572 2006 | abscesa saturs >4 >16 >8 >8 ind.rez. >16 1 >320 | <0,5
24 5-8322 2006 Briices >4 >16 >8 >8 ind.rez >16 | 1 >320 | <0,5
materials
25 s-9153 2006 | abscesa saturs >4 >16 >8 >8 ind.rez. >16 1 >320 | <0,5
26 | m78-07 | 2007 | 'Ziriepeno >4 >16| | =8| |8 ind.rez. >16 | 1 20 <0.5
deguna
27 5-932 2007 | Abscesa saturs >4 | <0,5 >8 >8 ind.rez >16 1 20 <0,5
Operacijas
28 $-2492 2007 briices >4 >16 >8 >8 ind.rez >16 | 1 <10 <0,5
materials
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4.pielikuma turpindjums

Nr. | Registracijas | o | Iomekigjamais OXA | GEN CIP | ERY cC TET | VAN STX RIF

pk nr. materlals R S R S R S R R S R S S R S R

20 |  m29s6 | 2007 | Materialsno >4 >16 | | >8] |28 ind.rez >16 | 1 320 | <0.5
bruces

30 m-3782 | 2007 'Zé”epe no >4 >16 >8 >8 >8 >16 | 1 >320 | <0.,5
eguna

31 5-4825 2007 Traheja s >4 >16 >8 >8 ind.rez. >16 | 1 >320 | <0.5
aspirats

32 a-294 2008 Asinis >4 >16 >8 >8 ind.rez. >16 1 >320 | <0,5

33 m-339 2008 | |Zriepe no >4 | <0.5 >8 >3 ind.rez. >16 | 1 20 <0.5
deguns

34 m-1765 | 2008 | |Ztriepeno >4 >16 >8 >8 ind.rez. >16 | 1 >320 | <05
paduses

35 s-3863 2008 | Pleiras punktats >4 | <0,5 >8 >8 ind.rez. >16 | <0.,5 <10 <0,5

36 | 58549 | 2008 | |ZePeno >4 | <0,5 >8 | |28 indrez | | =16 1 20 <0.5
bruces

37 a-544 2009 Asinis >4 | <05 >8 >8 4 >16 | 1 <10 1

38 a-576 2009 Asinis >4 | <05 | >16 >8 >8 4 >16 | 1 40 1

39 a-860 2009 Asinis >4 >16 >8 >8 4 >16| 1 80 | 1

40 a-1808 2009 asinis >4 >16 >8 >8 4 >16| 1 80 | 1

1M a-2610 2009 asinis >4 >16 >8 >8 4 >16 | 1 80 | 1

42 a-397 2010 asinis >4 | <05 >8 >8 >8 >16 | 1 <10 1

43 a-1090 2010 asinis >4 >16 >8 >8 >8 >16 | 1 20 <0,5
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4.pielikuma turpindjums

Nr. OXA | GEN CIP ERY |CC TET VAN STX RIF
p.k.
Registracijas | Gads | Izmeklgjamais R [S R |[SIR |S|R |[S SIR |S S S R
nr. materials
44 al273 2010 asinis >4 >16 >8 >8 4 >16 1 40 <0.5
45 a-1369 2010 asinis >4 >16 >8 >8 4 >16 1 40 <0,5
46 a-1863 2010 asinis >4 | <0,5 >8 >8 4 >16 1 <10 <0,5
47 a-2087 2010 asinis >4 >16 >8 >8 >8 >16 1 40 <0,5
48 a-2226 2010 asinis >4 >16 >8 >8 8 >16 1 40 <0.5
49 a-2315 2010 asinis >4 >16 >8 >8 4 >16 1 40 <0.5
50 a-2337 2010 asinis >4 >16 >8 >8 >8 >16 1 40 <0,5
51 a-2711 2010 asinis >4 >16 >8 >8 | <0,25 >16 1 40 <0,5
52 a-2890 2010 asinis >4 >16 >8 >8 4 >16 1 40 <0,5
Bronh =
53 | 58353 | 2010 roni >4 >16 | |28 |28 4 >16 | 1 <10 32
skalojums
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HA - MRSA genétiskais raksturojums

5. pielikums

Nr. Irolati ST SCC mec spa tips spa atkartojumi
p.k. kasetes tips (sekvences)
Registracijas Nr | Gads - i t425 15-12-16-02-25-17-25
1 a-241 2004 - i t425 15-12-16-02-25-17-25
2 a-2150 2004 368 i t425 15-12-16-02-25-17-25
3 §-2254 2004 - i t425 15-12-16-02-25-17-25
4 s-4143 2004 - i t425 15-12-16-02-25-17-25
5 $-5505 2004 - i t425 15-12-16-02-25-17-25
6 s-5570 2004 - i t425 15-12-16-02-25-17-25
7 s-8387 2004 - i t425 15-12-16-02-25-17-25
8 5-8628 2004 - i t425 15-12-16-02-25-17-25
9 s-8843 2004 368 i t425 15-12-16-02-25-17-25
10 s-1053 2005 368 i t425 15-12-16-02-25-17-25
11 s-8788 2005 - Il t425 15-12-16-02-25-17-25
12 5-9954 2005 - Il t425 15-12-16-02-25-17-25
13 $-10380 2005 - i t425 15-12-16-02-25-17-25
14 s-9058 2005 - i t425 15-12-16-02-25-17-25
15 S-9747 2005 - Il t425 15-12-16-02-25-17-25
16 s-10092 2005 - Il t425 15-12-16-02-25-17-25
17 s-10409 2005 - Il t425 15-12-16-02-25-17-25
18 a-73 2006 368 i t425 15-12-16-02-25-17-25
19 a-474 2006 - i t425 15-12-16-02-25-17-25
20 s-1672 2006 - Il t425 15-12-16-02-25-17-25
21 s-2091 2006 - Il t425 15-12-16-02-25-17-25
22 s-6088 2006 - i t425 15-12-16-02-25-17-25
23 S-7572 2006 - i t425 15-12-16-02-25-17-25
24 s-8322 2006 368 i t425 15-12-16-02-25-17-25
25 s-9153 2006 - Il t425 15-12-16-02-25-17-25
26 m-78-07 2007 - Il t425 15-12-16-02-25-17-25
27 s-932 2007 - i t425 15-12-16-02-25-17-25
28 §-2492 2007 - i t425 15-12-16-02-25-17-25
29 m-2956 2007 - Il t425 15-12-16-02-25-17-25
30 m-3782 2007 - Il t 425 15-12-16-02-25-17-25

135




5. pielikuma turpinajums

Nr. .
Lolati ST SCC mec spa tips spa atkartojumi

p.k. kasetes tips (sekvences)
Registracijas Nr | Gads - i t425 15-12-16-02-25-17-25
31 s-4825 2007 368 i t425 15-12-16-02-25-17-25
32 a-294 2008 368 Il t425 15-12-16-02-25-17-25
33 m-339 2008 - Il t425 15-12-16-02-25-17-25
34 m-1765 2008 - i t425 15-12-16-02-25-17-25
35 $-3863 2008 - i t425 15-12-16-02-25-17-25
36 s-8549 2008 - i t425 15-12-16-02-25-17-25
37 a-544 2009 - i t425 15-12-16-02-25-17-25
38 a-576 2009 - i t425 15-12-16-02-25-17-25
39 a-860 2009 - i t425 15-12-16-02-25-17-25
40 a-1808 2009 368 i t425 15-12-16-02-25-17-25
41 a-2610 2009 - i t425 15-12-16-02-25-17-25
42 a-397 2010 - i t425 15-12-16-02-25-17-25
43 a-1090 2010 - Il t425 15-12-16-02-25-17-25
44 a1273 2010 - Il t425 15-12-16-02-25-17-25
45 a-1369 2010 368 i t425 15-12-16-02-25-17-25
46 a-1863 2010 - i t425 15-12-16-02-25-17-25
47 a-2087 2010 - i t425 15-12-16-02-25-17-25
48 a-2226 2010 - Il t425 15-12-16-02-25-17-25
49 a-2315 2010 - Il t425 15-12-16-02-25-17-25
50 a-2337 2010 - i t425 15-12-16-02-25-17-25
51 a-2711 2010 - i t425 15-12-16-02-25-17-25
52 a-2890 2010 368 Il t425 15-12-16-02-25-17-25
53 s-8353 2010 368 Il t425 15-12-16-02-25-17-25
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6. pielikums.

SpaServer.ridom

.de

Spa Server

Overview Ridom SpaServer: spa-t1497

Home
Background
Palicy
Submit

Database
Frequencies
Spa-types
Repeats
MLST Mapping

Contact
Imprint
Contact us

Spa-type: 11497

Repeat succession: (07-23-21-22-16-34-33-13
|Frequsmcy: |0_00 %

Total strains- |8

|Straiu records: |5

Strain Records

| Isolate ID |Isolation date Submission date Country MRSA / MSSA MLST Association Reliability Submitter

61010343 [29-Oct-2009 |07-Jan-2010  Norway MSSA excellent
DN01885_08 |03-Apr-2008 [23-Apr-2008 | Germany MSSA colonization |excellent
07-01844  [13-Jul-2007 |13-Jul-2007 | Germany MSSA excellent
DN979_07  |18-May-2007 [24-May-2007 | Germany MSSA unknown  |excellent
120050511-676|11-May-2005 |11-Jul-2006  Larvia MRSA excellent

last modified: 02-Mar-2011
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7. pielikums.

SpaServer.ridom.de
Spa Server
T,
Home
Background |Spa—type: |ll496
Policy Repeat succession: [08-12-02-43-34-16-02-16
Submit |Frequency: |0_00 %
Total strains: |1
Database |Straiﬂ records: |l
Freguencies
Spa-types Strain Records
Repeats
MLST Mapping | |Isolate ID Isolation date Submission date Country MRSA / MSSA MLST Association Reliability Submitter
|A-2185-04 [17-Nov-2004 |11-Jul-2006  Latvia |MRSA excellent
Contact
Imprint last modified: 30-Oct-2009
Contact us
A

webmaster@ridom.de
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S. aureus domingjoss spa tipi Latvija (2006. -2007.9.)

8. pielikums

No EAF_Q_SS EARSS slimnicas Parauga No IzoléSanas vecums | Dzimums olh ec S:aureys Spa tips
p.k. laboratorijas kods kods datums izolati
1 LV001 LVOO1A A-1904 20060903 64 1 DC HA MSSA t084
2 LV001 LVOO1A A-1939 20060906 23 2 OP CA MSSA t189
3 LV001 LVOO1A A-1973 20060913 73 2 DC CA MSSA t002
4 LV001 LVOO1A A-1992 20060918 1 1 ICU HA MSSA t015
5 LV001 LVOO1A A-2061 20060926 56 2 DC CA MSSA t1877
6 LV002 LV002A 9338-11 20060905 7 1 DC MSSA t435
7 LV002 LV002A 10425-22 20061009 1 1 DC HA MSSA t435
8 LV002 LV002A 10608-33 20061011 1 2 DC CA MSSA t435
9 LV002 LV002A 10972-71 20061018 1 1 DC CA MSSA 1164
10 LV002 LV002A 13059-98 20061130 1 2 DC CA MSSA t435
11 LV003 LVO03A 9-1031-1501 20060904 31 1 DC HA MSSA 700
12 LV003 LVO03A 9-1052-1507 20060904 56 1 DC HA MSSA t015
13 LV003 LVO03A 9-2113-1549 20060907 41 1 DC CA MSSA 331
14 LV003 LV0O03A 9-781P-1635 20060912 57 1 DC HA MSSA 1267
15 LV003 LV0O03A 9-11262-1902 20060928 58 1 DC CA MSSA 1164
16 LV004 LVO0O4A 200609250329 20060923 74 2 ICU CA MSSA 12928
17 LV004 LVO0O4A 200609270358 20060926 71 2 ICU CA MSSA t127
18 LV004 LVO0O4A 200610130443 20061013 58 2 ICU CA MSSA t015
19 LV004 LVO0O4A 200610230308 20061023 63 1 ICU CA MSSA t1255
20 LV004 LVO0O4A 200610300364 20061028 64 2 DC HA MSSA t779
21 LV004 LVO04A 200609190484 20060919 57 2 ICU HA MRSA t425
22 LV004 LVO04A 200702150404 20070214 63 1 DC HA MRSA t425
23 LV005 LVOO5A M5576 20061211 83 2 DC CA MSSA t331
24 LV005 LVOO05A M285 20070118 39 1 DC CA MSSA 693
25 LV005 LVOO05A M629 20070215 16 2 DC HA MSSA t2497
26 LV006 LVOO6A 3619-A795 20061107 46 1 ICU CA MSSA t091

139




8. pielikuma turpindajums

No EAR.SS EARSS slimnicas Parauga No Izolesanas Vecums | Dzimums olh ec S‘.auregs Spa tips
p.k. laboratorijas kods kods datums izolati
27 LV007 LVOO7A 05-09-06-114 20060905 83 2 DC HA MSSA 1693
28 LVO007 LVOO7A 16-10-06-415 20061016 25 1 ICU CA MSSA 11255
29 LVO007 LVOO7A 14-11-06-363 20061114 17 2 DC HA MSSA t015
30 LVO007 LVOO7A 26-10-06-758 20061026 54 1 ICU HA MRSA t425
31 LV008 LVOO08A 3016-06 20060927 1 1 DC CA MSSA t1877
32 LV008 LVOO08A 516/07 20070216 1 1 ICU HA MSSA t435
33 LV008 LVOO08A 517/07 20070216 1 1 ICU HA MSSA t435
34 LV011 LVO11A St-12 20070201 38 2 ICU CA MSSA t435
35 LV012 LVO012A P-09-06-422 20060905 51 1 DC CA MSSA t331
36 LV012 LVO012A P-09-06-1286 20060911 80 2 DC CA MSSA 12934
37 LV012 LVO012A P-10-06-3665 20061024 42 1 DC HA MSSA 1693
38 LV012 LVO012A P-11-06-4389 20061130 1 2 DC ND MSSA t015
39 LV012 LVO012A P-12-06-1875 20061212 45 2 DC ND MSSA t435
40 LV013 LV013B 508 20061011 45 2 DC ND MSSA t160
41 LV013 LVO13A 613 20061206 64 1 OoP ND MSSA t056
42 LV013 LVO13A 452 20060919 15 1 DC ND MRSA t425
43 LV013 LVO13A 673 20061223 41 2 DC ND MRSA t425

phl — pacienta lokalizacija slimnica:

OP — ambulatorais pacients

DC - slimnicas nodalas pacients

ICU — intensivas terapijas/reanimacijas nodalas pacients

ec — epidemiologiskie dati:

CA — =sadzive iegiits celms = infekcijas simptomi paradijas pirmas 2 diennakts laika p&c iestasanas slimnica

HA — =intrahospitals celms= infekcijas simptomi paradijas > ka p&c 2 hospitalizacijas dienam

ND - nav datu

20 - 2 dzimums,

23 - 1dzimums
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9.pielikums

Ridom SpaServer: spa-t425

Spa-type: t425

Repeat succession: |15-12-16-02-25-17-25

Frequency: |0.02%

Total strains: 35

Strain records: |27

Strain Records

Isolation Submission MRSA/ I I .
Isolate ID | date ‘ date ‘ Country ‘ MSSA ‘MLST Association Rellablllty| Submitter

007_spa_id_3970_2010 |24—Jan—2010 ‘19—Feb—2010 ‘Germany ‘MRSA ‘ ‘infection |excellent |

93-364664_SPA-UNI- |07—Feb—2008 ‘lG—Oct—ZOOS Germany ‘ ’ ’ excellent |

08-54084 |22-May—2008 ‘22-May—2008 ‘Non/vay ‘MRSA ‘ ‘ excellent |

08-23637 |12-Mar-2008 ’lZ-Mar-ZOOB ‘NonNay ‘MRSA ’ ’ excellent |

040_01640 |20-Sep-2007 ‘05-0ct-2007 ‘Germany ‘MRSA ‘ ‘colonization excellent |

ccug 53385 |29-Aug-2006 ‘ll—Apr-2007 ‘Sweden ‘MRSA ‘ ‘ |good |

NA32 14-Sep-2006  |05-Oct-2006 Denmark  |MRSA excellent | Vesth, Hvidovre
Hospital

United
165-1 30-Aug-2006 |31-Aug-2006 States excellent
166-1 30-Aug-2006 |31-Aug-2006 | onited excellent
States

S-5530-03 |01-Nov-2003 ’11-Jul-2006 Latvia ‘MRSA ’ ’ excellent |

20051011-717 |11-Oct-2005 ‘11-Jul-2006 Latvia ‘MRSA ‘ ‘ excellent |

S-8281-05 |01-Nov-2005 ’11-Jul-2006 Latvia ‘MRSA ’ ’ excellent |

20051028-328 |28-0ct-2005 ‘11-Jul-2006 Latvia ‘MRSA ‘ ‘ excellent |

S-3042-05 |26-Apr-2005 ‘11-Jul-2006 Latvia ‘MRSA ‘ ‘ excellent |

20051004-636 |04-0ct-2005 ‘11-Jul-2006 Latvia ‘ MRSA ‘ ‘ excellent |

20051004-638 |04—0ct—2005 ‘11—Ju|—2006 Latvia ‘ MRSA ‘ ‘ excellent |

23094/04 |02—Jun—2004 ‘SO—Jun—ZOOG Norway ‘MRSA ‘ST—ZSQ ‘ excellent |

S-3259-03 |10—0ct—2003 ‘27—Jun—2006 ‘Latvia ‘ MRSA ‘ ‘ |excel lent |

A-2125-05 |01-Nov-2005 ‘27-Jun-2006 Latvia ‘MRSA ‘ ‘ excellent |

S-3019-05 ‘26-Apr-2005 ‘27-Jun-2006 Latvia ‘ MRSA ‘ ‘ excellent ’

s43 10-Mar-2006 |10-May-2006  |Denmark  |MRSA good Westh, Hvidovre
Hospital

NA21 07-Mar-2006 |07-Apr-2006 Denmark MRSA excellent Westh, Hvidovre
Hospital

1457 |02-May-2005 ‘lG-Mar-ZOOG Norway ‘MRSA ‘ST-368 ‘ excellent |

1455 |28-Apr-2005 ‘lG-Mar-ZOOG Norway ‘MRSA ‘ST-368 ‘ excellent |

BAP05-014 |12-Jan-2005 ‘ll-Feb-ZOOS ‘Sweden ‘ MRSA ‘ ‘ excellent |

VA19303_04 21-Dec-2004  |17-Jan-2005 Germany  |MRSA infection excellent | YO9eh University of
Wiirzburg

BAP04-232 |02-Aug-2003 ‘10-Aug-2004 ‘Sweden ‘ MRSA ‘ ‘ excellent |

last modified: 27-Oct-2010
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The first point prevalence survey of the nosocomial infection (NI) rate was conducted in two
Latvian hospitals. At the time of the survey 17.5% (226/1291) patients had symptoms or were
being treated for infection. The overall prevalence rate was 5.6% (72/1291) for NI and 12.7%
for community acquired infections (164/1291). Surgical site infection (SSI) was the most
common NI (62%) followed by respiratory tract infection (RTI) (7.5%), and urinary tract
infection (UTI) (6.4%). NI rate was higher with increasing age of patients, in intensive care
units and surgical wards, and among those who had an intravenous device or urinary catheter.
Microbiological investigation yielded positive results in 29% (21/72) of patients with NIs.
Antibacterial treatment was given to 22.3% (288/1291) of hospitalised patients and in 62%
(182/288) of these, cefazolin was prescribed. Results from this study will be used to plan a
national prevalence survey.

Introduction

Nosocomial infections (NIs) are an important cause of preventable morbidity and mortality;
they also result in significant socioeconomic cost. Surveillance of NI is an essential part of
the infection control programme (1). Despite their limitations, point prevalence surveys are
usually preferred to determine the magnitude of NI when resources are limited. These
studies are inexpensive, easy to perform, and do not require major human or technical
resources. National prevalence surveys of NI have been performed in many European and
developing countries (2-12) and were used as a tool to define NI control priorities.

Despite national regulations requiring the reporting of all NI cases, no reliable data are
available at this time due to lack of coordination of measures between national and hospital
authorities. During the past few years, however, there has been an increase of interest in the
control of hospital acquired infections, and some hospitals have developed individual
programmes.

This paper presents data on prevalence of infection obtained during a point prevalence

survey conducted in two Latvian hospitals. This is the first time that this type of survey has
been conducted in Latvia. The hospitals were chosen because they had an infectious diseases
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consultant and a hospital epidemiologist who were involved in infection control activities.

Materials and methods

A point prevalence study design was used. Methods, infection criteria, and definitions with
minor modifications were those used by Meers in the national survey of infections in the
United Kingdom (7) and also in Lithuania (12). Length of hospital stay was not a definition
criterion. No significant outbreaks of influenza or other acute respiratory infections were
reported in Latvia at the time of the survey. The survey was carried out in Stradins
University Hospital, which has 1263 beds, and in the State Hospital of Traumatology and
Orthopaedics, which has 320 beds. The University hospital had most types of medical unit,
but no psychiatric or paediatric department. The neonatal unit was closed during the time of
the survey due to renovation. The Orthopaedics hospital had surgical wards only.

We sought to collect data on all inpatients hospitalised before 8 am on the first day of the
survey. The sampling units were wards. A coordinator was responsible for managing an
investigation team in each hospital. Trained medical doctors collected data from clinical
records, temperature charts, laboratory reports, and information provided by physicians and
nurses in each ward. Infections of more than one site in the same patient were counted as
separate infections. Antibiotics prescribed at the time of the survey were recorded.
Preoperative and perioperative doses of antibiotics were registered separately as
prophylactic. Approximately 90% of the questionnaires were completed during the first day
of the survey. Records were computer analysed using the WHO/CDC Epilnfo 2000
software. The data were entered in duplicate to minimise transcription errors.

Results

All hospitalised patients from both hospitals were included in the survey. A total of 1291
patients was investigated. The median age of the patients was 56 years (range 1-98), 57
years for women (range 1-90), and 55 years for men (range 4-98), and the median length of
hospitalisation prior to the study was six days (range 1-99). In 226 (17%) patients, signs of
infection were detected, or these patients were receiving treatment for already diagnosed
infection.

A total of 5.1 percent (66/1291) patients were reported to have NI. The overall prevalence of
NI was 5.7% (72/1291) because in 6 patients, 2 infections were detected simultaneously
(table 1). Surgical site infection (SSI) was the most frequent site of NI, with an overall
prevalence 3.5% (45/1291) (table 2) accounting for 62% of all NI, followed by respiratory
tract infection (RTI) (7.5%) and urinary tract infection (UTI) (6.4%). Hospital acquired UTI
was reported in 12% (11/90) of patients with urinary catheters. Evidence of nosocomial
pneumonia was found in 50% (4/8) of mechanically ventilated patients. In 53 (19.7%)
patients with intravenous devices a least one NI was registered. Microbiological examination
in 29% (21/72) of the patients with NI yielded positive results.
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Tableau 1/ Table 1

Caractéristigues des patients et prévalence des IN / Characteristics of patients and prevalence of NI

Hombre total de patients Fatignts avec i Patients avec 180
Total nuenber of patienty Patlaras with i Patiencs with CAF
i %l Hih

Age {arvsée | yoars)

16-29 F S{5.00 218 E)

FU-A% P P45 FOTo

S5-60 £l 1439 &1 013)

=5l 531 43181} LR
Sexe [ Sen

Hommes / Male 653 3571 6O {05

Femmes f Femaka 631 S0 {63} 1LY
Service ¢ Hospits] degartment

madering ( mediing 51% {1 % TR

chirurgm i urgery Gy S5 {80 30EF)

i irteeifs / biteribee care it 1A £ (a8} LRFE

ol e o gyrvbotdodie ! Obktelicd ] i1 1% {18}

ardd Gynacology
Operalions chirnegicabes § Surcical operations 480 S5t 51090
B bl ids o, s s s s SRR R AR R L SR e LB R R
ventitation mecsnque | Mechamical veritilation & & {15 15
Semches Lariturshe (L ingry cotbeeter B0 26 (208 RERrRSY)
Drabete / Diabetes 51 158 Jn
Durde mdiane d hosphalisstion f & i L3
Hedean hospral say {range 1891 {299 {1-54%

Tableau 2 / Table 2

Répartition des infections nosocomiales selon le site et I'hdpital /
Distribution of nosocomial infections according to site and hospital

Site d'infection Hépital universitaire Hoépital orthopédique

Infection site University hospital Orthopaedics hospital
(N=44) (N=28)
N Répartition par site N Répartition par site
Distribution by site Distribution by site
% %
Site chirurgical d'infection 26 59 19 67.9

surgical site infection

Infections urinaires 4 9 7 25
Urinary tract infection

Infections de I'appareil circulatoire 2 4.5
Bloodstream infection

Infections des voies respiratoires basses

Lower respiratory tract infection 1 25 2 I
Autres / Other 3 6.8
Total / Total 44 100 28 100

The prevalence of NI increased with the increasing age of the patients (p=0.02; c 2 test for
the trend) and was higher in intensive care (p<0.001; ¢ 2 test) and surgical departments
(p<0.001; c 2 test) (table 1). Higher prevalence was also associated with mechanical
ventilation (p<0.001; c 2 test), the presence of urinary catheters (p<0.001; ¢ 2 test) and
intravenous devices (p<0.001; c 2 test), with previous surgical intervention (p<0.001; ¢ 2
test) and longer hospital stay. In comparison with other patients, the prevalence of NI did not
increase in patients with diabetes.

Community acquired infection (CAI) was detected in 164 (12.7%) patients (table 3). RTIs
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accounted for 50.6% of all CAls followed by gastrointestinal tract infections (GTIs) and
UTIs (9.8% and 7.3% respectively).

Tableau 3 / Table 2

Répartition des infections acquises en communauté selon le site d'infection ot I'hapital /
Distribution of community acguired infections according to infection site and hospital

Hapital unjvercitasre Hipital orthopddgus

Antibiotics were given to 288 patients (22%) on the day of the survey, among whom 66
received antibiotics without having any signs of infection. Cefazolin was administred to 182
patients, accounting for 50% percent of all antibiotics used. Other most commonly used
antibiotics were aminoglycosides (64 patients), metronidazole (46), ampicillin/amoxicillin
(46), ciprofloxacin (38), ceftriaxone (14), cefuroxime (13), doxycycline (8),
amoxicillin/clavulanate (6), and trimethoprim/sulfamethoxazole (6). Combination therapy
with two drugs were given to 69 patients, and 3 patients were treated with three drugs. The
three most common antibiotic combinations were: cefazolin with metronidazole (25
patients), cefazolin with gentamicin (10), and ciprofloxacin with metronidazole (8).

Discussion

This pilot study on NI is the first of its kind reported in Latvia. The two hospitals surveyed
are national referral centres in which highly specialised or risky medical manipulations are
required. Thus the results of this survey cannot be extrapolated to other Latvian hospitals.
The definitions of the first UK National Prevalence Survey (6) were used, as opposed to
CDC or the second National Prevalence Survey, because we found them to be simpler and
more relevant to our clinical setting. More advanced definitions sometimes require clinical
and laboratory information which is not available in our hospitals on a regular basis. The
methodology of the first UK National Prevalence Survey also provided a better opportunity
to analyse the prevalence of community acquired infections and antibiotic use. Our main
objective was to recognise the problem of Nls in Latvia by using a simple survey approach.

The prevalence of NIs was found to be 5.6%, which is within the range reported by
investigators from other European and developing countries (2-12). This result should be
interpreted with caution because it is difficult to compare studies with different NI
definitions used.

We do not think that information bias could significantly affect the outcome of the study
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because the hospital staff were not fully aware of the aims of the study. Detection bias could
be taken into account because certain essential laboratory investigations were not available
for the team of investigators.

In Latvian hospitals it is quite common for patients to stay hospitalised for some time after
their clinical symptoms have improved, so they may finish the initiated course of treatment,
or wait for some specific investigation. This is partially due to limited primary care or to
specific socioeconomic situation.

Laboratory and radiological investigations may also take more time than recommended due
to a lack of financial and personnel resources. It is likely that the NI rate would be higher if
patients who were present in the wards but who had already recovered at the time of the
survey had been excluded. Thus, the actual burden of the hospital acquired infection among
very sick individuals may be higher than these results show.

RTI and SSI were the two principal types of infection found in this study. SSI accounted for
the majority of hospital acquired infections, and RTI were most commonly community
acquired. The low prevalence of hospital acquired UTI found in catheterised patients in the
University hospital differs from the data published so far (2-12). This may be due to
insufficiencies in our methodology. It is very likely that the data collection methods used
that were based on doctors' diagnosis were not sensitive enough to record all UTIs.
Symptoms of UT]I in patients with a serious major disease of other organs may have been
ignored. As a result, urine analysis and microbiological investigation were not ordered, and
therefore the surveillance team was not able to identify these patients.

With patients' increasing age, previous surgical intervention, mechanical ventilation, and the
presence of intravenous devices and urinary catheters were significantly associated with the
rate of NI. Surprisingly, diabetes was not found to be associated with increased prevalence
of NI, probably due to the small number of patients surveyed.

Only 29% of infections were microbiologically documented. The study design did not allow
us to analyse the actual number of specimens cultured. Therefore it is difficult to comment
whether this low rate was due to insufficient laboratory capacity. We can only speculate that
a large proportion of patients with infection were not cultured before initiation of antibiotic
therapy.

Data on antibiotic use clearly indicated the lack of antibiotic prescribing policy in the
hospitals selected. On the day of the survey, 22% of hospitalised patients were receiving
antimicrobial treatment. This could mean that approximately 4% of the patients received
antibiotics without a previously documented infection. The questionnaire did not include
questions regarding the reason for the use of antibiotics.

There may be various explanations for the alarming rate of cefazolin use. First, this drug is
relatively inexpensive and its dosing interval is convenient for nurses who are often
overloaded with work. Furthermore, the use of cephalosporins has recently been encouraged
by active marketing by pharmaceuticals companies, and doctors' positive experience of their
clinical efficiency. The problem of cephalosporin resistance has also only recently appeared.
Second and third generation cephalosporins are more expensive, and there are frequent
financial restrictions. For all the above reasons, cefazolin is considered to be an acceptable
substitute to guarantee a positive clinical outcome. Secondly, in surgical departments the
administered course of prophylactic antibiotics is sometimes prolonged for up to five days
without clear clinical indications. And finally, the increased use of cefazolin might be due to
the decline in penicillin use, which, in turn, has been caused by concerns about resistance as
well as the view that this group of antibacterials may be outdated. An apparent lack of
marketing by pharmaceutical companies due to the low cost of cefazolin adds to the
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problem. Furthermore, their dosing interval is an additional strain for nurses. Our major
concern was the wide use of cefazolin for the treatment of respiratory tract infections. Other
antibiotics that have been used extensively in treatment of various patients are metronidazole
and gentamicin, probably because of their low cost and presumed excellent clinical efficacy,
and physicians' personal experience of prescribing them.

In conclusion, the results of our survey show that the techniques used were practical, and
that it was possible to obtain the information required for the purposes of the study. This
pilot study clearly showed that nosocomial infections are more prevalent in Latvian hospitals
than can be seen from the official reporting system, and that a national prevalence survey is
necessary to obtain information on the level of the whole country. Our study also identified
problems related to the excessive use of antibiotics. Importantly, we identified high risk
departments that should be targeted by infection control measures. The following studies
should be focused on prevalence of NI only. CDC definitions should be used in the national
survey to make data comparable to other countries and geographical areas.
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Infections by community-acquired methicillin resistant Staphylococcus aureus (CA-MRSA)
have been reported worldwide. Here we present characterisation of the first CA-MRSA
isolated in Latvia. A PVL-positive ST30-MRSA-1V strain was isolated from a nasal swab and
the central venous catheter of a patient with fever and multiple organ failure. The PFGE
pattern of this strain was identical to pattern SE00-3 of MRSA isolated in Sweden from 29
patients during 2000-2003. This strain is related to the South Pacific area, and its appearance
in Sweden and Latvia demonstrates its global spread.

Introduction

Methicillin resistant Staphylococcus aureus (MRSA) has recently been reported as an
established cause of community acquired (CA) infections [1,2]. The majority of strains have
been isolated from patients with deep skin infections and necrotising pneumonia [3,4,7]. CA-
MRSA are usually described as (i) being susceptible to majority of antimicrobials and resistant
only to low levels of B-lactam antibiotics, (ii) having a different chromosomal background
compared to hospital-acquired isolates, (iii) carrying SCCmec type IV cassette, and (iv)
producing the Panton-Valentine leucocidin (PVL) [5,6].

Methods

MRSA isolates (n=156) from 142 patients were collected in five Latvian hospitals in Riga and
Liepaja from April 2003 to February 2004. Antimicrobial susceptibility testing on these strains
was performed according to National Committee for Clinical Laboratory Standards (NCCLYS)
standards by the disc-diffusion method and the presence of the mecA gene was verified by PCR
[7]. Presence of PVL genes (lukS-lukF) and SCCmec type were tested by PCR as described
earlier [8,9] in all strains. PVL-positive MRSA isolates (S-5408 and

S-5690) were genotyped by multilocus restriction fragment (MLRF) [10]. In addition, the
S-5408 strain was typed by PFGE [11] and multilocus sequence typing (MLST) [12].
Information about the clinical features of the disease in the patient was obtained retrospectively.

Results

Screening of 156 MRSA strains revealed two isolates harbouring genes required for the
synthesis of PVL. These two isolates, S-5408 and S-5690, were cultured from catheter and nasal
swab, respectively, of the same patient.

This patient, a forty six year old male with no previous clinical predisposition

(immunosuppression, chronic illness, previous hospital admission), had a traumatic injury of the
upper limb during construction works. Three days later he developed fatigue, swelling of the

148



limb and fever. On the next day he was admitted to the ICU with bullous eruptions around the
lips, necrotising pneumonia with pleuritic effusion, hypotension and renal failure. He reported
some possible inhalation of industrial disinfectant and poisoning was suspected. Elevated WBC
count and CRP levels were recorded at the time of admission. Edematous swelling of the limbs
persisted during the whole treatment period within the hospital. Blood cultures were not taken
but treatment with ciprofloxacin was initiated on admission. The patient gradually improved in
ICU and was transferred to the nephrology unit where cultures from the tip of the central venous
catheter and nasal swab were taken as a routine MRSA screening procedure. MRSA was
isolated from both cultures and treatment was changed to vancomycin. The patient was
discharged from hospital in a stable condition.

S-5408 and S-5690 were resistant only to oxacillin and susceptible to all other antibiotics tested
(erythromycin, gentamicin, ciprofloxacin, trimethoprim/sulfamethoxazole, fusidic acid,
kanamycin, vancomycin and rifampicin). It should be noted that both isolates showed low level
resistance to oxacillin (MIC = 2 mg/L). In addition to the lukS-lukF genes encoding the PVL
these strains carried SCCmec of type IV. Molecular analysis showed that MLRF pattern was
identical in both strains but markedly different from the pattern of other MRSA isolated at the
same time. The PFGE pattern of S-5408 was identical to pattern SE00-3 of MRSA isolated in
Sweden from 29 patients during 2000 -2003 [13] [FIGURE]. The allelic profile (2-2-2-2-6-3-2)
of two Swedish isolates typed so far and of Latvian strain S-5408 defined them as ST30
(http://www.mlst.net). This was in agreement with our analysis of the PFGE pattern (related to
the pattern of strain UK EMRSA-16).

FIGURE

PFGE patterns of Smal digested genomic DNA from the Latvian
MRSA isolate (5-5408) compared with MRSA isolates from
Sweden, 2000-2003
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Discussion
A PVL-positive ST30-MRSA-IV was isolated from a nasal swab and the central venous catheter
of a patient with fever and multiple organ failure three days after admission into ICU. This is the
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first MRSA with features of a community acquired strain to be isolated in Latvia.

Only nasal swab and central venous catheter cultures were available. Therefore causal
relationship between the clinical symptoms and isolated bacteria has not been proven. Due to
the clinical presentation the patient was suspected to have some kind of industrial poisoning and
blood cultures were not taken. Retrospective analysis of the patient's clinical history and
improvement on treatment with ciprofloxacin made S. aureus sepsis the most likely explanation.
Colonisation of the patient by this particular MRSA strain during his brief stay in ICU seemed
unlikely because the PFGE and MLRF patterns of other strains isolated from ICU patients at
this time were different.

The PVL -positive CA-MRSA strain was isolated soon after the first hospital acquired MRSA
strains were detected in early 2003 in Latvia. Although no country-wide surveillance existed,
several hospitals had been actively testing for MRSA in previous years, with no MRSA isolate
reported. This was a rather different scenario compared with what has been observed in other
European countries, where hospital acquired strains appeared much earlier. There is no clear
explanation as to why MRSA has emerged in Latvian hospitals so late. Most likely, epidemic
strains were not imported from abroad earlier because transfer of hospitalised patients between
countries was uncommon. In addition, the use of third generation cephalosporins and
fluoroquinolones increased significantly only after 2001, when cheaper generic drugs became
available on the market. The use of these broad-spectrum antibiotics could have facilitated the
spread of MRSA strains as was suggested by other investigators [14,15].

Multilocus sequence typing attributed S-5408 and Swedish isolates with the same PFGE pattern
to ST30. This is in agreement with our interpretation of the PFGE pattern as being related to that
of strain UK EMRSA-16 [10,13]. Even though in the MLST database EMRSA-16 isolates are
of a different sequence type, ST36, they belong to the same clonal cluster, CC30, as ST30
strains. In Europe many CA-MRSA are of ST80 [6,14] while ST30 strains are believed to be
related to the South Pacific area [6]. The epidemiology of the Swedish cases is under
investigation and preliminary information links at least some of them to this area. The Latvian
patient had not travelled abroad but epidemiological investigation of his household contacts was
not performed.

In conclusion, the PVL-positive ST30-MRSA-IV strain in Latvia is an important finding which
strengthens the hypothesis of global spread of this pathogen.
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Based on data collected by the European Antimicrobial Resistance Surveillance Network (EARS-Net)
and the former EARSS, the present study describes the trends in antimicrobial susceptibility patterns
and occurrence of invasive infections caused by Escherichia coli and Staphylococcus aureus in the
period from 2002 to 2009. Antimicrobial susceptibility results from 198 laboratories in 22 European
countries reporting continuously on these two microorganisms during the entire study period were
included in the analysis. The number of bloodstream infections caused by E. coli increased remarkably
by 71% during the study period, while bloodstream infections caused by S. aureus increased by 34%.
At the same time, an alarming increase of antimicrobial resistance in E. coli was observed, whereas for
S. aureus the proportion of meticillin resistant isolates decreased. The observed trend suggests an
increasing burden of disease caused by E. coli. The reduction in the proportion of meticillin-resistant S.
aureus and the lesser increase in S. aureus infections, compared with E. coli, may reflect the success
of infection control measures at hospital level in several European countries.

Introduction

Escherichia coli and Staphylococcus aureus are the main causes of bloodstream infections (BSIs) in humans.
The antimicrobial resistance of E. coli causing BSI is increasing alarmingly across Europe, while meticillin-
resistant S. aureus (MRSA) is decreasing in several countries [1]. The antimicrobial susceptibility of these
microorganisms and other selected bacterial pathogens causing invasive infections has been monitored for a
decade by the European Antimicrobial Resistance Surveillance System (EARSS) [1]. Coordination and
administration of the EARSS project, previously conducted by the Dutch National Institute of Public Health and
the Environment (RIVM), was transferred to the European Centre for Disease Prevention and Control (ECDC)
on 1 January 2010, and the network was renamed European Antimicrobial Resistance Surveillance Network
(EARS-Net). The first data collection by EARS-Net (antimicrobial susceptibility data referring to 2009) took
place during June and July 2010.

Whereas detailed analysis and trends at the national level are available in the EARSS and EARS-Net reports
[1,2], the present study describes the trends in susceptibility patterns and number of invasive infections caused
by E. coli and S. aureus in Europe from 2002 to 2009, based on data from laboratories reporting continuously
during this period.
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Methods

Data for E. coli and S. aureus BSls were extracted from the EARSS/EARS-Net database for a convenience
sample of laboratories reporting susceptibility results continuously during the period from 2002 to 2009 for
aminopenicillin, fluoroquinolones, third generation cephalosporins and aminoglycosides in E. coli and for
oxacillinin S. aureus [3]. Countries in which no laboratory participated for the entire period or that had only a
small data set (less than 20 isolates per microorganism per year) were not included in the analysis. Only the
first isolate per patient, microorganism and year was included as a representative sample. Sampling and
processing of isolates was done in agreement with the EARSS manual 2005 [3]. Resistance (R category of S, I,
R) was defined by the guidelines in use in the reporting countries.

The number of BSIs caused by E. coli and S. aureus and the proportions of third-generation cephalosporin-
resistant E. coli and of MRSA were recorded for each year from 2002 to 2009. To assess the patterns of
combined resistance of E. coli, the following antimicrobial classes were analysed: aminopenicillins (ampicillin
and amoxicillin), aminoglycosides (gentamicin, tobramycin and amikacin), third-generation cephalosporins
(ceftriaxone, cefotaxime and ceftazidime) and fluoroquinolones (ciprofloxacin, ofloxacin and levofloxacin).
Resistance to a class was defined as resistance (R category) to at least one agent in the class. The significance
of the temporal linear trends for resistance proportions was evaluated by the Cochran—Armitage test for trend.

Results

A total of 198 laboratories in 22 countries continuously reported data from 2002 to 2009. The number of
laboratories per country ranged between one (Iceland and Malta) and 33 (Czech Republic), while the mean
number of E. coli and S. aureus isolates reported yearly per country ranged from 96 to 1,973 and from 56 to
1,290, respectively (Table).

Table. Mean annual number of Escherichia coli and Staphylococcus aureus isolates per country reported by
laboratories (n=198) reporting continuously to EARSS/EARS-Net, 2002—09

Considering the whole group of selected laboratories, the reported number of E. coli BSls increased by 71%
from 10,688 in 2002 to 18,240 in 2009 (Figure 1); most of the rise (38% of 71%) in E. coli BSIs was due to
isolates resistant to two or more antimicrobials. During the same period, S. aureus BSIs showed a 34%
increase from 7,855 to 10,503 (Figure 1). In the period from 2002 to 2009, if only E.coli susceptible to
aminopenicillins, third-generation cephalosporins, fluoroquinolones and aminoglycosides are considered, the
number of BSIs increased by 39%. Similarly, the BSIs caused by meticillin-susceptible S. aureus showed an
increase of 37%.

Figure 1. Annual number of bloodstream infections caused by Escherichia coli and Staphylococcus aureus,
EARSS/EARS-Net, 2002—-09 (22 countries/198 laboratories)
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In the period from 2002 to 2009, the proportion among all E. coli of E. coli resistant to third-generation
cephalosporins increased significantly from 1.7% to 8% (p<0.001) and the proportion of MRSA decreased from
21.5% to 19.7% (p<0.001) (Figure 2). Similar trends of resistance proportions as observed for aggregated data
of all 198 laboratories were also observed at country level in 18 of 22 countries for E. coli, and in seven of 22
countries for S. aureus.

Figure 2. Proportion of third-generation cephalosporin-resistant Escherichia coli and of meticillin-resistant
Staphylococcus aureus, EARSS/EARS-Net, 2002—-09 (22 countries/198 laboratories)

Combined resistance in E. coli (defined as resistance to two, three or four antimicrobial classes reported to
EARS-Net) showed a significant increase (p<0.001) (Figure 3) whereas single resistance diminished from
37.1% in 2002 to 35.8% in 2009 (p<0.001). The proportion of E. coli isolates susceptible to all four antimicrobial
classes decreased from 51.4% in 2002 to 41.7% in 2009 (p<0.001).

Figure 3. Combined resistance of Escherichia coli to aminopenicillins, third-generation cephalosporins,
fluoroquinolones and aminoglycosides, EARSS/EARS-Net, 2002—09 (22 countries/198 laboratories)

154


http://www.eurosurveillance.org/images/dynamic/EE/V16N11/HEUER_Fig1.jpg
http://www.eurosurveillance.org/images/dynamic/EE/V16N11/HEUER_Fig2.jpg
http://www.eurosurveillance.org/images/dynamic/EE/V16N11/HEUER_Fig3.jpg

Discussion

The increase in antimicrobial resistance in E. coli between 2002 and 2009 was evident both in the observed
increase of combined resistance and in the reduction of full susceptibility to the antimicrobials included in the
analysis. In the same time period and considering the same data source, a significant decrease of meticillin
resistance was observed for S. aureus. For this species, the number of BSIs increased less (+34%) than for E.
coli BSI (+71%). Consistently, increasing resistance in E. coli and combined resistance of invasive and non-
invasive isolates was reported by several European countries [4-8]. At the same time, the proportion of MRSA
showed a significant decrease in many European countries [1,2]. The numbers of BSIs caused by MRSA, as
reported by the mandatory surveillance system in England, decreased by 56% between 2004 and 2008 [9], and
in France a significant decrease in the occurrence of MRSA was reported in 2008 [10]. A similar reduction in the
rate of healthcare-associated invasive MRSA infections was observed in the general population in the United
States [11].

The sampling approach selected for this study is likely to eliminate a large part of the possible temporal
variation in the size of the catchment population behind the numbers. Based on the available surveillance data,
it provides the best possible evidence of the increasing burden of disease caused by E. coli and S. aureus
bacteraemia in the European Union. Nevertheless, if the population covered by the participating laboratories
became larger during the study period, this may have contributed to the observed increase. Likewise, the
sample approach includes laboratories without taking into account the size of the country, and therefore does
not allow detailed analysis at national level. The disparity in the BSI trends for E. coli and S. aureus could partly
be explained by ascertainment bias leading to higher reporting of E. coli infections. This could be caused by an
increase of empirical treatment failures triggering delayed diagnostic procedures (blood culture). A similar
upward trend in the number of reported cases of E. coli BSIs has been observed by the national voluntary
surveillance scheme in England, Wales, and Northern Ireland between 2005 and 2009. The increase (37%) in
BSls caused by E. coli observed by this surveillance system is larger than the increase in all BSIs reported
during that time period [12].

Despite the study limitations, the observed trends regarding resistance to third-generation cephalosporins and
combined resistance in E. coli deserve further consideration. According to the results, it appears that the
emergence and spread of combined resistance during the study period was the main factor that influences the
decline in antimicrobial susceptibility in E. coli. From 2002 to 2009, a relative increase of combined resistance
with a concurrent reduction of the proportion of single resistance was observed. The resistance pattern with the
largest relative growth in the period from 2002 to 2009 was resistance to all four antimicrobial classes under
surveillance: the frequency of this pattern increased more than fivefold from 0.6% to 3.4%. This trend suggests
that within the subpopulation of resistant isolates, there was a continuous relative growth of combined
resistance, possibly caused by the addition of resistance traits to strains that were already resistant to at least
one of the considered antimicrobial classes. This trend may be explained by the spread of multidrug-resistant
plasmids which also contain genes for the extended-spectrum beta-lactamase (ESBL) production [13-16].

Resistance trends were monitored using interpretations: susceptible, intermediate or resistant (SIR) [3], since
the actual minimum inhibitory concentrations (MIC) were not systematically available from participating
laboratories. Reporting MICs rather than SIR interpretations based on clinical breakpoints would improve the
dynamic monitoring of subtle, incremental changes in antimicrobial susceptibility. Moreover, the interpretation
using SIR categories reported to EARS-Net is based on breakpoints defined in the participating countries'
guidelines over time. Nevertheless, for the combinations of microorganisms and antimicrobials included in this
study, the variation in the proportion of resistance caused by using different guidelines is very limited
(unpublished data).

Conclusion

This article reports a significant increase of antimicrobial resistance in E. coli invasive isolates and an overall
increase in BSIs caused by this microorganism. This is a serious concern since, if the increasing trend of
antimicrobial resistance and the spread of ESBL are not contained, the use of carbapenems will increase
favouring the emergence of carbapenemase-producing enterobacteria. This has already been observed for
Klebsiella pneumoniae in Greece, Israel and Cyprus [1,2].

At the same time, S. aureus showed a relatively smaller increase in the number of reported BSIs, but a
significant decrease in the proportion of MRSA overall in the countries participating in EARSS/EARS-Net. This
could be the result of public health efforts targeted at the containment of MRSA in several European countries.*
Although an overall decreasing trend for MRSA is evident in Europe, not all countries contribute to this result.
Efforts to reduce the occurrence of MRSA should remain a priority irrespective of decreasing trends.
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In this context, coordinated international surveillance is particularly important in order to obtain accurate
knowledge of the occurrence and spread of antimicrobial resistance and to plan public health interventions.
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Abstract

Background: Staphylococcus aureus is one of the most important human pathogens and methicillin-resistant variants
(MRSAs) are a major cause of hospital and community-acquired infection. We aimed to map the geographic distribution of
the dominant clones that cause invasive infections in Europe.

Methods and Findings: In each country, staphylococcal reference laboratories secured the participation of a sufficient
number of hospital laboratories to achieve national geo-demographic representation. Participating laboratories collected
successive methicillin-susceptible (MSSA) and MRSA isolates from patients with invasive S. aureus infection using an agreed
protocol. All isolates were sent to the respective national reference laboratories and characterised by quality-controlled
sequence typing of the variable region of the staphylococcal spa gene (spa typing), and data were uploaded to a central
database. Relevant genetic and phenotypic information was assembled for interactive interrogation by a purpose-built
Web-based mapping application. Between September 2006 and February 2007, 357 laboratories serving 450 hospitals in 26
countries collected 2,890 MSSA and MRSA isolates from patients with invasive S. aureus infection. A wide geographical
distribution of spa types was found with some prevalent in all European countries. MSSA were more diverse than MRSA.
Genetic diversity of MRSA differed considerably between countries with dominant MRSA spa types forming distinctive
geographical clusters. We provide evidence that a network approach consisting of decentralised typing and visualisation of
aggregated data using an interactive mapping tool can provide important information on the dynamics of MRSA
populations such as early signalling of emerging strains, cross border spread, and importation by travel.

Conclusions: In contrast to MSSA, MRSA spa types have a predominantly regional distribution in Europe. This finding is
indicative of the selection and spread of a limited number of clones within health care networks, suggesting that control
efforts aimed at interrupting the spread within and between health care institutions may not only be feasible but ultimately
successful and should therefore be strongly encouraged.

Please see later in the article for the Editors’ Summary.

Citation: Grundmann H, Aanensen DM, van den Wijngaard CC, Spratt BG, Harmsen D, et al. (2010) Geographic Distribution of Staphylococcus aureus Causing
Invasive Infections in Europe: A Molecular-Epidemiological Analysis. PLoS Med 7(1): €1000215. doi:10.1371/journal.pmed.1000215

Academic Editor: Henry F. Chambers, University of California San Francisco and San Francisco General Hospital, United States of America
Received July 2, 2009; Accepted December 4, 2009; Published January 12, 2010

Copyright: © 2010 Grundmann et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: All contributions from the staphylococcal reference laboratories were funded by national sources. Data collection, management, and analysis were
funded by the Dutch Ministry of Welfare and Sports and the Directorate General for Health, Consumer Protection of the European Commission under the
Agreement Number -2003212 and the Wellcome Trust under grant number 030662. SeqNet.org was partially funded by the Interregio Program of the European
Union IlIA fund 2-EUR-V-1-96. The funders had no role in the design of the project, decision to publish, or preparation of the manuscript.

Competing Interests: DH is one of the developers of the Ridom StaphType software and the SpaServer mentioned in the manuscript. The client software is
distributed and sold by the company Ridom GmbH, which is partially owned by him. All other authors have declared that no competing interests exist.

Abbreviations: CA-MRSA, community-acquired methicillin-resistant Staphylococcus aureus; Cl, confidence interval; CO-MRSA, community-onset methicillin-
resistant Staphylococcus aureus; EARSS, European Antimicrobial Resistance Surveillance System; MLST, multilocus sequence typing; MRSA, methicillin-resistant
Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus aureus; PVL, Panton-Valentine Leukocidin; SRL, S. aureus Reference Laboratories; ST, sequence
type

* E-mail: Hajo.Grundmann@rivm.nl

9 Membership of the European Staphylococcal Reference Laboratory Working Group is provided in the Acknowledgments.

@ PLoS Medicine | www.plosmedicine.org 1 January 2010 | Volume 7 | Issue 1 | 1000215



Introduction

Staphylococcus aureus is the main cause of purulent infection
in humans [1]. S. aureus has the potential for local as well as
disseminated infection and can cause lesions in all tissues and
anatomical sites. Infections can be either acquired in the
community or in association with health care. The position of
S. aureus as one of the most important human pathogens is largely
due to its virulence potential and ubiquitous occurrence as a
coloniser in humans, domestic animals, and livestock [2]. Between
25% and 35% of healthy human individuals carry
S. aureus on the skin or mucous membranes [3]. Any injury that
compromises epithelial integrity, trauma, medical or surgical
interventions, as well as viral infections, can lead to tissue invasion
[4-6]. It is assumed that severity and outcome depend largely on
the virulence of the introduced strain and the immune repertoire
of the host [7,8]. Occasionally, S. aureus acquires enhanced
virulence and antimicrobial resistance through horizontal DNA
transfer and maintains these mobile genetic clements in a
predominantly clonal genomic background. Thus, clones of S.
aureus are relatively stable and mainly diversify by the accumula-
tion of single nucleotide substitutions in the absence of frequent
interstrain recombination. It is therefore possible to discern
different clones and clonal lineages by molecular typing [9]. This
method allows several important observations to be made
regarding the evolution, epidemiology, and spread of clones with
particular public health importance, such as hospital-, community-
, and livestock-associated methicillin-resistant S. aureus (MRSA).
For MRSA, this surveillance is particularly important because it
appears that certain clones have disseminated over wide
geographical regions and are threatening major improvements in
curative and public health medicine [10]. A geographically
detailed description of this expansion on a continent-wide scale
has been inadequate, however, due to the lack of appropriate
surveys and agreement on a consistent application of standardized
molecular typing approaches. At the same time, little is known
about the population structure and geographical abundance of
methicillin-susceptible S. aureus (MSSA), which provides the
genetic reservoir from which MRSA emerge.

The present study was designed to fill these knowledge gaps and
to provide (i) the first representative and contemporaneous
snapshot of the genetic population structure of S. aureus (based
on spa typing) that cause invasive infection in the European region;
(i) insights into the geographic distribution of different clones
among MSSA and MRSA on a continent-wide scale; and (iii) a
public Web-based mapping tool supplying interactive access and
an intuitive illustration of the results generated by this large-scale
typing initiative. The current study was also set up to establish the
logistics for future collaborative studies that will continue to
improve crucial knowledge for clinicians and diagnostic laborato-
ries about the geographic and temporal dynamics of the MSSA/
MRSA clones and their epidemic patterns in neighbouring
geographical areas. Lastly, the study is intended to additionally
strengthen the role of the S. aureus Reference Laboratories (SRLs)
by exposing and communicating potentially important public
health threats to health professionals and the general public.

Methods

spa Typing

Epidemiological typing uses highly discriminatory genetic
markers that characterize human pathogens allowing the identi-
fication of isolates that are closely related due to recent common
ancestry. The spa locus of S. aureus codes for protein A, a species-
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specific gene product known for its IgG binding capacity. This
locus is highly polymorphic due to an internal variable region of
short tandem repeats, which vary not only in numbers but also
because of nucleotide substitutions within individual repeat units
[11]. DNA sequences of the spa gene therefore provide portable,
unambiguous, and biologically meaningful molecular typing data,
which have demonstrated their utility for epidemiological purposes
such as transmission and outbreak investigations at various
geographical levels [12,13].

Capacity Building

During three workshops organised for technical personnel from
28 European SRLs, participants received hands-on training in spa
sequence typing and spa sequence analysis according to a standard
protocol using a purpose-designed software tool, StaphType,
developed by Ridom GmbH [13]. Proficiency testing was carried
out by mailing each SRL five well-characterized S. aureus isolates
and five sequence chromatograms (trace files) of known spa types
as described previously [14,15]. All laboratories participating in
the structured survey described here fulfilled quantifiable quality
criteria, which consisted of an unambiguous base-calling of all
sequenced nucleotides for both forward and reverse sequencing
runs of the test panel.

Structured Survey

A protocol was drawn up and circulated for comment to all
SRLs and agreed upon in April 2006. Following this protocol,
European SRLs were asked to identify approximately 20
laboratories that serve hospitals and that are geographically and
demographically representative of their country, and secure their
participation. These laboratories were chosen from those that
regularly participate in the European Antimicrobial Resistance
Surveillance System (EARSS). For 6 mo, from September 2006
until February 2007, these participants were asked to submit the
first five successive MSSA isolates and the first five successive
MRSA isolates from individual patients with invasive infection. An
mnvasive Infection was defined as a localised or systemic
inflammatory response to the presence of S. aureus at otherwise
sterile anatomical sites. Isolates were dispatched by the partici-
pating laboratories to the SRLs accompanied by additional
information, including the EARSS laboratory identifier, the
sample number, the date of isolation, origin of clinical specimen,
demographic detail (such as age and gender), epidemiological
context (hospital-acquired when symptoms developed more than
48 h after admission or as community-onset otherwise), isoxazo-
lylpenicillin- (i.e., oxacillin) or cefoxitin-resistance, and all-cause
mortality 14 d after isolation of the first invasive isolate. SRLs
confirmed MRSA by mecA PCR or determination of minimum
inhibitory concentration for oxacillin together with PBP2a
agglutination. Additional data were uploaded to the database
and Web application if available. These consisted of staphylococ-
cal cassette chromosome mec (SCCmec) typing, and identification of
luk-PV genes, indicative of Panton-Valentine Leukocidin (PVL).
All SRLs preserved the isolates in strain collections and performed
spa sequence typing according to the standard protocol, uploaded
the sequence information, and made this available by synchroni-
sation with the central Ridom SpaServer (www.spaserver.ridom.
de) curated by SeqNet.org at the Institute of Hygiene, University
Hospital Miinster, Germany [15,16]. Submitted sequences were
quality controlled by comparison with accompanying chromato-
grams (trace files) and excluded if stringent quality criteria for
excellent sequencing data were not fulfilled. spa types were
grouped into spa complexes if a single genetic event such as single
msertions, single deletions, or single nucleotide polymorphism
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could account for the observed sequence divergence. In the
following the designation of spa types indicated by lower case “t”
follow the nomenclature used by the spa server and multilocus
sequence types are reported as sequence type (ST) according to
convention [17]. Finally, the SCCimec type is also added to a string
consisting of spa type/ST/SCCmec all in parenthesis, e.g., (t032/
ST22/SCCmecV).

Epidemiological and typing data were communicated in parallel
to a central SQL database at the National Institute for Public
Health and the Environment (RIVM) of the Netherlands. For each
participating laboratory, SRLs also provided the postal address
and indicated their administrative region (such as region, province,
state, department, or NUTS-2 level) if the location of laboratories
were to be aggregated on a higher administrative geographical
level for display on the interactive mapping tool (which was done
only for Austria, Belgium, Czech Republic, and Poland). All data
were anonymous and collected in accordance with the European
Parliament and Council decision for the epidemiological surveil-
lance and control of communicable disease in the European
community [18,19]. Ethical approval and informed consent were
thus not required.

Data Analysis, Geographical Illustration, and Cluster
Identification

All data were inspected for inconsistencies and analysed on a
country-by-country basis and returned to SRLs for feedback,
clarification of inconsistencies and final approval in February 2008.
After final approval, data were analysed using Stata version 10 and
SAS version 9.1 (SAS Institute Inc.) using chi-square test for
proportions and Student’s #test for continuous variables. The index
of diversity is an unbiased measure of the probability of drawing two
different spa types given the distribution of spa types in the sample.
The 95% confidence intervals (Cls) were calculated as described
previously [20]. Postal address and location of all sampling
laboratories were converted into decimal cartesian coordinates
using the geocoding facility at www.spatialepidemiology.net [21].
Pairwise distances of laboratories that isolated MSSA and MRSA
with identical spa types were calculated and distance matrices

e
o

Figure 1. Locations of participating laboratories.
doi:10.1371/journal.pmed.1000215.g001
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were summarised and compared by nonparametric tests. The
Web application SRL-Maps (http://www.spatialepidemiology.net/
srl-maps) was developed to interrogate the data on the basis of
mapping of laboratory locations and on centroids of administrative
regions (when laboratory results were aggregated at the level of
administrative region).

A spatial scan statistic was used to identify the geographic
distribution of specific spa types at two levels: (i) country-specific
frequencies that take into account all spa types within national
boundaries and (ii) regional clusters of varying size independent of
national boundaries. To identify spa types with higher than
expected occurrence in any of the participating countries, the
observed number of all spa types isolated within each country was
compared with the number expected under the assumption of a
European-wide random distribution. For the identification of
regional clusters, circular windows around all laboratory locations
were projected. For each location, the radius of the window was
varied from 0 to 1,000 km. In this way, a finite number of distinct
windows was created. For each window, the observed number of
1solates with a specific spa type was compared with the expected
number under the assumption of a random distribution. 10,000
random distributions were obtained by varying the composition of
local spa types at all laboratory locations consistent with
cumulative spa-specific frequencies using Monte Carlo Simula-
tions. The test statistic was calculated by log-likelihood ratio test,
whereby countries or windows where the observed spa type
frequencies differed from those obtained by simulation were
considered to contain significant clusters with an alpha error of
$<<0.0001. The scan-statistic was executed with SaTScan software
using SAS macros [22,23].

Results

Summary Statistics

26 SRLs from 26 countries satisfactorily fulfilled the proficiency
criteria for spa sequence typing and contributed data for final
analysis. Between September 2006 and February 2007, 357
laboratories serving 450 hospitals (Figure 1) collected 2,890
successive MSSA and MRSA isolates from patients with invasive
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S. aureus infection (2,603 from blood cultures, 90.1%; 17 from
cerebrospinal fluid, 0.6%; and 270 from puncture fluids of other
normally sterile anatomical sites, 9.3%). Final inspection of data
revealed missing information for gender (28 isolates, 1%), age (54
isolates, 1.9%), sampling dates (74 isolates, 2.6%), epidemiological
context (community onset or hospital acquisition, 568 isolates
19.7%), all-cause mortality 14 d after S. auwreus isolation (1052
isolates, 36.4%), and spa type (40 isolates, 1.4%). Table 1 gives a
summary overview of the number of participating laboratories,
1solates, and spa types submitted by country. Many laboratories
were unable to collect five invasive MRSA isolates within the
sampling period because of a low MRSA incidence in the hospitals
they serve. Therefore, the combined collection consisted of
two-thirds MSSA (1,923; 66.5%) and one-third MRSA (967;
33.5%, Table 2). Patients with invasive MRSA infections were
older (Figure 2) with a median age of 69 y compared to a median
age of 63y in MSSA patients (p<<0.001). Moreover, MRSA
patients had higher all-cause mortality (20.8%) 14 d after the first
1solation of . aureus than MSSA patients (13.2%, p<<0.0001). More
males (1,765/2,862; 61.7%) than females had invasive S. aureus
infections. The proportion of MRSA compared to MSSA did not
differ between the sexes (p=0.2). Of the 231 MRSA that were

Geographic Distribution of S. aureus

reported as community-onset (CO-MRSA), 226 (97.8%) were
tested for the presence of PVL-associated genes uk-PV and ten
(4.4%) were positive. Of the 585 hospital-acquired MRSA (HA-
MRSA), 551 (94.2%) were tested for PVL and six (1.1%) were
positive. The difference was significant (p = 0.009).

spa Typing

A total of 660 spa types were reported (Table 2). Among all spa
types, 565 and 155 were assigned to MSSA and MRSA,
respectively, of which, 505 were exclusively identified as MSSA
and 95 for MRSA alone. 60 spa types contained both MSSA and
MRSA. 27 of the MSSA (1.4%) and 13 of the MRSA (1.3%)
isolates were nontypeable. Table 3 shows the rank order of the
most frequent spa types isolated during the survey and Table 4 the
three most frequent spa types by country. MRSA was less diverse
than MSSA. Only five spa types accounted for almost half (48.1%)
of all MRSA isolates, whereas the same proportion of MSSA
isolates comprised the 26 most frequent MSSA spa types. Estimates
of the genetic diversity differed significantly with an index of
diversity for MSSA of 0.985 (95% CI 0.983-0.987) and 0.940
(95% CI 0.933-0.947) for MRSA. While MSSA diversity ranged
between 0.934 in Latvia and 1.0 in Iceland (unpublished data),
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Table 1. Summary overview of participating laboratories, hospitals, number of invasive isolates of MSSA and MRSA, and spa types
by country.
Country nlabs nHospitals nlsolates MSSA MRSA® n spaTypes MSSA nspaTypes MRSA n Not Typeable Percent Not Typed
Austria 18 48 174 120 54 70 19 1 0.6
Belgium 22 22 195 107 88 65 25 1 0.5
Bulgaria 8 8 54 29 25 23 11 0 0.0
Croatia 1 1 88 50 38 27 13 6 6.8
Cyprus 1 1 16 9 7 8 5 0 0.0
Czech Republic 20 20 145 94 51 64 9 0 0.0
Denmark 14 30 112 108 4 72 2 0 0.0
Finland 5 5 22 15 7 14 7 0 0.0
France 23 23 225 114 111 75 27 0 0.0
Germany 27 27 180 98 82 56 20 1 0.6
Greece 3 3 35 20 15 12 6 6 17.1
Hungary 10 13 110 66 44 35 9 2 1.8
Iceland 1 1 5 5 0 5 0 0 0.0
Ireland 22 22 169 85 84 55 26 0 0.0
Italy 19 19 147 80 67 53 15 0 0.0
Latvia 1 12 43 38 5 20 1 0 0.0
Malta 1 1 15 3 12 2 5 3 20.0
Netherlands 18 21 204 195 9 98 9 6 29
Norway 11 20 55 55 0 38 0 1 1.8
Poland 23 23 179 132 47 42 14 0 0.0
Portugal 12 12 88 48 40 36 13 0 0.0
Romania 10 10 36 25 1 18 3 0 0.0
Slovenia 11 12 58 48 10 29 3 2 34
Spain 21 21 204 113 91 58 19 1 0.9
Sweden 20 47 200 195 5 920 5 3 1.5
UK 15 18 131 71 60 51 18 7 53
Total 357 450 2,890 1,923 967 565 155 40 14
“The number of MRSA isolates does not reflect a prevalence or occurrence in particular countries as the protocol requested submission of the first five MSSA and MRSA
isolates.
doi:10.1371/journal.pmed.1000215.t001
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Table 2. Summary statistics of S. aureus isolated in 26 European countries.
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Statistics n MSSA MRSA Total/Overall p-Value*
Frequency (%) 2,890 1,923 (66.5) 967 (33.5) 2,890 (100%) —
Median age (IQR) 2,836 63 (46-75) 69 (55-78) 66 (49-76) <0.0001
Male gender (%) 2,862 1,159 (60.8) 606 (63.3) 1,765 (61.7) 0.2
All-cause mortality after 14 d (%) 1,838 153 (13.2) 141(20.8) 294 (16.0) <0.0001
Hospital acquisition (%) 2,322 777 (51.6) 585 (71.7) 1,362 (58.7) <0.0001
N spa types 2,850 565 155 660° —

N not typeable 2,850 27 (1.4) 13 (1.3) 40 (1.4) 0.9

Index of diversity (95% Cl) 2,850 0.985 (0.983-0.987) 0.940 (0.933-0.947) 0.983 (0.982-0.984) <0.05¢
Mean distance in kilometres between laboratories 1,614¢ 1,046.2 (1109.5-983.0) 786.8 (975.7-597.9) — 0.03¢

that isolated identical spa types (95% Cl)

“p-Value for the comparison of MSSA versus MRSA.
*Number of isolates for which data were available.

“Deduced from non-overlapping 95% confidence intervals.

YIncludes only MRSA and MSSA with more than ten isolates per spa type.
IQR, interquartile range.

doi:10.1371/journal.pmed.1000215.t002

MRSA diversity between countries was more heterogeneous
ranging from 0.62 in Romania to 0.91 in Austria (Figure 3),
indicating the presence of few dominant MRSA spa types in
several countries. Accordingly, MRSA showed a higher degree of
geographic clustering as the average distance between laboratories
that isolated the same spa type was significantly smaller than for
MSSA (Table 2). No correlation between genetic diversity of
MRSA and overall proportion of MRSA among S. aureus blood
stream infections at country level as reported to the EARSS
database for 2007 was found (r= —0.09, p=10.75) [24], indicating
that single successful spa types cannot explain the variance in the
proportion of MRSA causing S. aureus blood stream infections
observed in Europe.

Clustering of spa Types at Country and Regional Level
In 17 countries, 22 spa types were found with frequencies that
were unexpected when applying the hypothesis of a random
distribution, indicative of local epidemics (Table 5). Most (86.9%)
of these were MRSA. In ten countries two spa types coexisted with
unexpected frequencies. In four of them, these two spa types
showed a close genetic relationship and belonged to the same spa
complex whereby a single genetic event could account for the
sequence divergence between the types. There was also a frequent
regional coincidence with neighbouring countries sharing identical
epidemic spa types. The Czech Republic and Germany shared spa
type t003 (t003/5T225/SCCmecll), Bulgaria and Romania shared
t030 (t030/ST239/SCCimeclll), the UK and Ireland t032 (t032/
ST22/SCCmeclV), Italy and Croatia shared t041 (t041/5T228/
SCCmecl), and strain t067 (t067/ST5125/SCCmeclV) whose
dominance in Spain was first identified through this initiative
[25], was also found in southern France. The notion of regional
spread was supported by the cluster statistic that projected
windows beyond national boundaries for this dataset (Table 6).
The degree of unexpectedness, which is an indication of the
significance of each cluster, is expressed by the log likelihood ratio
(LLR). The majority of regional clusters extended beyond national
boundaries and 74% of all isolates that occurred in these clusters
were MRSA. The most significant cluster was identified in Spain
and consisted of spa type t067 (t067/ST5&125/SCCmecIV). A
northern Balkan/Adriatic cluster consisting of spa type t041 (t041/
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Total number of spa types includes 60 spa types that contain both MSSA and MRSA.

ST228/SCCmecl) was found in Austria, Hungary, Slovenia,
Croatia, and northern and central Italy. In Britain and Ireland,
t032 (t032/ST22/SCCmeclV), known as epidemic MRSA 15
(EMRSA-15), was the dominant type and represented the third
most significant cluster. An additional cluster of spa type t032,
albeit less significant and much smaller, was located in the
Brandenburg area of Germany. Central Germany, the Czech
Republic, and western Poland were included in a large regional
cluster of spa type t003 (t003/S5T225/SCCmecll), which was
geographically centred in Saxony and had a radius of approx-
mmately 400 km corresponding to the German hospitals partici-
pating in the study. Figure 4 provides a geographical illustration of
these clusters. The largest cluster in size as well as in numbers
(radius 930 km, 119 isolates) consisted of spa type t008 and was
centred in southern France. This cluster consisted of ST8 and
contained different subclones as it included both MSSA and
MRSA, and MRSA isolates exhibited two different SCCmec
elements (SCCmecl and IV). A smaller cluster, ranking in sixth
position in terms of significance, was located in Flanders on the
Belgian-Dutch border and consisted of spa type t740 (t740/ST45/
SCCmecIV). Interestingly, regional spa clusters with overlapping
geographical range were frequently made up of spa types that
belonged to the same spa complex, a clear indication that local
spread is accompanied by local evolution of the rapidly evolving
spa locus. Clusters with the smallest size (0 km) included those
submitted by single laboratories most likely reflecting single
hospital outbreaks. Three regional clusters consisted of MSSA
alone. They were located in Latvia (t435/5T425), Poland (t127/
ST1), and Denmark (t230/5T45), indicating that regional spread
of S. aureus is not limited to MRSA alone.

SRL-Maps

The Web application SRL-Maps (http://www.spatialepidemiology.
net/srl-maps) provides a community tool for the interrogation of the
geographic distribution of different spa types. All laboratory and
regional locations across Europe are represented as placemarks on
a Google map. Clicking on a placemark displays, below the map,
all spa types identified at that location (and their frequency)
along with the number of isolates (and number of geographic
locations) found elsewhere (if any) for each of these

January 2010 | Volume 7 | Issue 1 | 1000215



MSSA
250

200

150

Number of cases

50

. _r

Geographic Distribution of S. aureus

0 no follow -up data on all-cause mortality @ survival B death

=

-1 -5 -10 -16 -20 -26 -30 -35 -40

MRSA
250

200

150

100

Number of cases

50

-50 -56 -60 65 -70 -75 -80 -85 -90 -95 =05

N —

-1 -5 -10 -15 -20 -25 -30 -35 -40 -45

-50 -55 -60 -65 -70 -75 -80 -85 -90 -95 =95

Age group (years)

Figure 2. Age distribution and all-cause mortality of patients 14 d after diagnosis of invasive S. aureus infections in Europe. Age

divided in bands of 5y, except for infants under 1y (—1).
doi:10.1371/journal.pmed.1000215.9g002

spa types (Figure 5). The European distribution of any spa type can
then be displayed and placemarks on the map are colour-coded on
the basis of whether the isolates at each location are all MSSA
(green), all MRSA (red), or are a mix of MSSA and MRSA
(yellow), with the number of isolates inside the placemark.
Graphical charts are displayed showing spa type-specific propor-
tion of MRSA/MSSA, all-cause mortality at 14 d, and the age
distribution among cases (Figure 5). This method allows the
identification and mapping of strains with particular public health
importance and further exploration by the scientific community is
encouraged.

Observations on Specific spa Types

For both MSSA and MRSA isolates, there was no association
between specific spa types and all-cause mortality after 14 d,
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indicating that no spa type was associated with hyper-virulence. Of
the ten CO-MRSA isolates that were found to be PVL-positive,
three were assigned to spa type t044 (t044/ST80/SCCmeclV), the
so-called European community-acquired (CA)-MRSA, and an-
other three had spa type t008 (t008/ST8/SCCmeclV) and are
indistinguishable from USA300 CA-MRSA. Of the four other
PVL-positive CO-MRSA, two belonged to t622 (spa complex 8/
ST8/SCCmecIV), one to t529 (ST1043/SCCimecV), and one to
t437 (not further characterised). MRSA belonging to ST398 have
recently emerged in several European countries and are regarded
as being livestock-associated (LA-MRSA). Of all spa types typically
assoclated with this clone, spa types t011, t034, t571, t1255, and
12383 were identified on 12 occasions (1.3%) in eight countries
during this survey. None of these isolates, however, displayed an
MRSA phenotype or harboured the mecd gene.
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Discussion

Predominant spa types showed a wide geographic distribution.
The average distance between the locations from which the same
spa types were sampled was smaller for MRSA isolates than MSSA
1solates, suggesting a higher degree of geographical clustering of
MRSA. Moreover, genetic diversity was much lower for invasive
MRSA than MSSA and differed considerably between countries.
Spatial-scan statistics corroborated a fundamental difference
between MRSA and MSSA with respect to regional dissemination.
The majority of isolates that formed regional clusters were MRSA,
and 13 of the 15 major MRSA spa types (defined as more than ten
isolates in the database) occurred in geographical clusters. They
were typically hospital acquired and no more than three clusters
overlapped in the same region. Conversely, of the 27 major MSSA
spa types, only five showed significant geographical clustering and
only three consisted of MSSA alone. Thus, invasive MRSA clones
in Europe display a typical epidemic behaviour and have a
predominantly regional distribution. To unravel the dynamics of
spread of these epidemic MRSA requires the present type of
survey to be repeated every few years.

The emergence of MRSA occurs by the acquisition of the
methicillin resistance determinant (SSCmec) by MSSA strains.
MRSA strains typically emerge from the most prevalent MSSA
strains and it is a rare event, although new findings suggest that it
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Table 3. 20 most frequent spa types and their STs among MSSA and MRSA isolated in 26 European countries.
Cumulative Cumulative
Rank MSSA Frequency Percent Percent Rank MRSA Frequency Percent Percent
spa Type MLST spa Type MLST
1 1002 ST-5%, S-231° 93 4.8 4.8 1 t032 ST-227 140 14.5 14.4
2 t084 ST-15° (ST-18) 89 4.6 9.5 2 t008 ST-8% (ST-247, 120 124 26.8
ST-250, ST-254)
3 t015 ST-452 84 4.4 13.8 3 t041 ST-111?, ST-228* 72 74 342
4 t091 ST-72 82 43 18.1 4 t003 (ST-5) ST-225% 71 7.3 41.6
5 t012 ST-30% 77 4.0 22.1 5 1002 ST-5%, ST-2317 62 6.4 48.1
6 t127 ST-12 57 3.0 25.1 6 t067 ST-5%, ST-125°7 50 52 533
7 t008 ST-8% (ST-247, 55 29 27.9 7 t001 (ST-5, ST-222) 30 3.1 56.4
ST-250, ST-254) ST-228°
8 1021 ST-30% (ST-33, ST-55) 49 2.5 30.5 8 t037 ST-239% (ST-240), 27 2.8 59.2
ST-2412
9 t005 ST-22% (ST-23, ST-60) 42 22 327 9 t030 ST-239% (ST-246) 20 2.1 61.2
10 t026 (ST-45, ST-47) 27 14 34.1 10 1024 ST-87 14 1.4 62.7
1 t065 (ST-45, ST-46) 26 14 354 1 t190 ST-8% 14 1.4 64.1
12 t160 (ST-12, ST-13) 26 14 36.8 12 t515 ST-227 12 13 65.5
13 t056 (ST-101) 25 13 38.1 13 t038 ST-452 12 1.2 66.7
14 t050 ST-452 21 1.1 39.2 14 t022 ST-22° 11 1.1 67.8
15 t078 (ST-26) 21 1.1 40.2 15 t740 ST-45% 11 1.1 69.0
16 t164 (ST-20) 19 1.0 41.2 16 t012 ST-30° 9 0.9 69.9
17 t346 (ST-15, ST-620) 18 0.9 42.2 17 t015 ST-45% 9 0.9 70.8
18 1024 ST-8% 17 0.9 43.1 18 t044 ST-807 9 0.9 71.8
19 t230 ST-452 17 0.9 439 19 t045 ST-57 (ST-225) 8 0.8 726
20 t166 (ST-34) 16 0.8 44.8 20 t127 ST-17 8 0.8 734
—_ Other — 1,062 55.2 100.0 — Other — 258 26.6 100.0
Total — = 1,923 100 = — — = 967 100 =
STs in parentheses are those associated with the spa type in the SeqNet.org Spa typing data base.
@MLST as determined by SRLs.
doi:10.1371/journal.pmed.1000215.t003

is more frequent than originally suggested [26,27]. There are thus
fewer MRSA clones compared to MSSA clones and they are very
young on evolutionary time scales (less than 50 y old) and have
had little time to diversify since they arose, whereas MSSA are
much older and thus more diverse. MRSA clones also expand
because of the selective forces exerted by heavy antibiotic use in
hospitals and conditions that favour transmission within and
between hospitals, which constrains their diversity. In contrast,
MSSA will be subject to much weaker selection leading to neutral
genetic drift that maintains their diversity. Geographic spread of
MRSA clones will be facilitated by repeated hospital admissions
and referrals of MRSA carriers [28] who typically belong to an
older and thus less mobile segment of the population. The broader
distribution of MSSA clones may reflect dissemination by hosts
with different travel patterns than MRSA carriers as well as the
longer time that MSSA clones have had to spread.

The present survey set several precedents in the field of
molecular epidemiology of S. awureus. First, it brought together
reference laboratories from 26 European countries adopting a
standardised quality-controlled DNA sequence-based typing
method; second, it provided a contemporaneous and comprehen-
sive population snapshot of S. aureus isolates from invasive disease
using an agreed sampling frame; third, it utilised modern spatial
scan statistics to identify geographical clustering; fourth, it
provided the first public domain Web-based interactive mapping
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Table 4. First, second, and third most frequent MSSA and MRSA spa types per country and their relative proportions.

Country MSSA spa Type MRSA spa Type
n 1st (%) 2nd (%) 3rd (%) n 1st (%) 2nd (%) 3rd (%)
Austria 120 t091 (8.3) t002 (6.7) t012 (5.0) 54 t190 (18.5) t041 (16.7) t001 (14.8)
Belgium 107  t002 (9.4) 1209 (4.7) t012, t091, t740 (3.7) 88  t008 (29.6)  t002, t038 (13.7)  t740 (12.5)
Bulgaria 29 1056 (10.3) t078, 1148, 1156, 11346 (6.9) a 25 1030 (36.0)  t037 (16.0) t010 (12.0)
Croatia 50  t050 (10.0) t005, t015, t1361 (8.0) t164 (6.4) 38 041 (36.8)  t091 (10.5) 1026, t1003
(83)
Cyprus 9 t002 (22.2) a — 7 1012, t30 a —
(28.6)
Czech Republic 94 1015, t130 (5.3) 1024, t122, 11081 (4.3) t056, 156, t491, 11231 (3.2) 51 t003 (66.7)  t032 (13.7) 1002 (7.8)
Denmark 108 1230 (7.4) 1002, t127 (4.6) 1065, t084 (3.7) 4 1024, t037 — —
(50.0)
Finland 15 1026 (13.3) a — 7 b — —
France 114 1002 (11.4) t008 (6.1) t012 (4.4) 111 t008 (48.6) t777 (7.2) 1024 (5.4)
Germany 98 1008 (11.2) 1084 (7.1) t015, t091 (6.1) 82 1032 (35.4)  t003 (28.1) t001 (8.6)
Greece 20 1267 (15.0) t012 (10.0) a 15 t002, t044 t037 (20.0) a
(26.7)
Hungary 66  t091, t216 (10.6) 1012, t084 (7.60) 1002, t015, t2115 (4.7) 44 1032 (38.6) 1041 (25.0) 1062 (13.6)
Iceland 5 b — — 0 — — —
Ireland 85 1021 (7.1) t012 (4.7) t078, 1127, 1166, 1382, t548 (3.6) 84  t032 (45.2) 515 (9.5) 1022 (4.8)
Italy 80  t091 (10.04) 1084 (8.8) t012 (7.5) 67 1041 (343)  t008 (28.4) t001 (13.4)
Latvia 38 435 (21.1) t015 (13.2) 313, 1698 (7.9) 5 b — —
Malta 3 b — — 12 t001, t032 t012 (20.0) 1002, t022
(30.0) (10.0)
Netherlands 195  t091 (7.7) t127 (6.2) 1002, t012, t084 (4.2) 9 b — —
Norway 55 1065 (9.1) t084 (9.1) 1002, t015, 095 (3.7) 0 — — —
Poland 132 1127 (12.9) 1084 (9.9) t015 (7.6) 47  t037 (29.81) 1003, t015 (14.9)  t002, t041,
t1574 (6.4)
Portugal 48  t008 (8.3) 1002, t645 (6.3) 1021, t127, 1148, 1148, t179, 40  t032(32.5) 1002 (20.0) t535, t747,
1189 (4.2) 12357 (7.5)
Romania 25 1021, t284 (12.0)  t005, t008, t450 (8.0) a 1 t030 (54.6)  t127 (36.4) t015 (9.1)
Slovenia 48 1091 (20.8) t015 (10.4) t005 (8.5) 10  t041(700) a —
Spain 113 t002 (12.4) t012, t067 (8.0) t015 (4.5) 91 t067 (47.3)  t002 (15.4) 008 (7.7)
Sweden 195 1015 (9.2) 1084 (8.2) t012 (5.7) 5 b — —
UK 71 1012, t127 (5.6) 1021 (4.2) nine different types 60 1032 (61.7) 1788, t1516 (3.3) a

2All remaining spa types equally distributed.
PNo ranking, all spa types equally distributed.
doi:10.1371/journal.pmed.1000215.t004

tool for future public health research; and finally, it consolidated a
collaborative framework for the continuation of this important
European surveillance initiative.

All Member States of the European Union except Estonia,
Lithuania, Luxemburg, and Slovakia participated and variously
achieved a country-wide enrolment of diagnostic laboratories. In
the run-up to this study, a successful effort was undertaken to agree
on a single molecular typing approach to scale up the typing
capacity, and improve quality assessment, by introducing
proficiency testing for SRLs that intended to participate in
advanced S. aureus surveillance. This effort provided the basis for
the execution of a mutually agreed protocol using a standardized
sampling frame and a quality-controlled genetic typing approach
[12,15], based on the sequencing of the variable region of the S.
aureus spa gene (spa typing) [11]. Multilocus sequence typing
(MLST) was also carried out on many strains allowing most of the
prevalent spa types to be related to MLST sequence types.

@ PLoS Medicine | www.plosmedicine.org

However, given the scope and ambition of this investigation, it is
not surprising that the study still suffered from several operational
shortcomings.

In order to keep the amount of work manageable for the
participating SRLs, it was decided to include about 20 laboratories
that were demographically and geographically representative of
each of the participating countries. This number is arbitrary and
cannot equally represent small and large countries alike. Thus the
precision of spatial scan statistics is reduced in areas where the
density of laboratories is low. Laboratory enrolment based on
population size would provide a more appropriate sampling
strategy but would also impose a proportional and frequently
unacceptable amount of work on SRLs in large countries if
the sample size from small countries should remain meaningful.
Even medium-sized countries such as Bulgaria, Finland, Greece,
and Romania were unable to enrol the intended number of
laboratories mainly for technical and logistic reasons. Naturally,
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Bulgaria (29, 25)
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(68, 56)
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Figure 3. Estimates of country-specific genetic diversity expressed as Simpson’s index of diversity of spa types (as a percentage) for
MSSA (light blue diamonds) and MRSA (dark blue diamonds) and 95% Cls (bars). Only countries for which spa type information for more

then ten MRSA isolates were available were included in this figure.
doi:10.1371/journal.pmed.1000215.g003

the number of laboratories and isolates varied between countries
and geo-demographic representation could be improved in future
mvestigations. The original intention was to collect equal numbers
of successive MSSA and MRSA in all laboratories during the 6-mo
sampling interval; this proved to be unrealistic, especially in
countries where MRSA levels are low. As a result, Norway and
Iceland could not provide any MRSA, whereas Sweden, Den-
mark, and the Netherlands each provided fewer than ten isolates.
Cyprus and Malta had only one participating laboratory but since
both provide the microbiological service for the whole of the
respective island population (for Cyprus, only the Republic of
Cyprus), they were entitled to submit up to 20 isolates.
Nevertheless, even taking these potential problems into account,
the simultaneous collection of 2,890 isolates from patients with
invasive S. aureus infection treated in 450 hospitals during a
6-mo study interval is unparalleled and remains unmatched by
previous investigations, which have drawn their conclusions from
convenience samples of predominantly MRSA collected by
laboratories for different clinical or biological reasons. The current
collection includes one-third MRSA and thus over-represents the
natural population of MRSA causing invasive disease, which was
22% in the European Union in 2007 [24]. All isolates were
collected from laboratories and hospitals participating in EARSS
for which estimates of the overall catchment population are
known. Thus, the present sample of hospitals catered for
approximately 22 million people, totalling 4.4% of the citizens
living in the European Union.

Despite the above limitations, the sample provides a realistic
insight into the epidemiology of S. aureus currently causing invasive

@ PLoS Medicine | www.plosmedicine.org

infection in Europe. The age distribution and all-cause mortality
was consistent with the expected range [29,30]. High frequencies
of invasive infections were ascertained in the very young (infants
and under 5-y-olds) and older age groups with males clearly more
at risk than females. Patients with MRSA were older than patients
with MSSA and were 2.4 times more likely to have their infection
attributed to hospital acquisition (p<<0.0001). Invasive MRSA
carried a higher all-cause mortality after 14 d. This finding is most
likely confounded by a host of variables that distinguish MRSA
patients from MSSA patients in fundamental ways. All-cause
mortality was independent of spa type, indicating that this study
did not identify any single spa type that stands out with respect to
hyper-virulence or other factors that would increase the risk of
fatal outcome after 14 d. While a laboratory-based cross-sectional
study is limited in its ability to control for many of the crucial
confounders such as comorbidity and disease severity scores and
thus may not detect subtle differences in virulence properties
between different clonal lineages at the patient level, this sample
provides an unbiased estimate of the frequencies of specific spa
types that have previously been reported to cause outbreaks and
have attracted considerable public health attention. Few MRSA
isolates carried the PVL-toxin genes and this could be an
indication that many CO-MRSA were originally hospital-
acquired. Only six of the PVL-positive CO-MRSA isolates, which
made up 0.5% of the overall sample, had spa types consistent with
the CA-MRSA clones most frequently reported in Europe (t008/
ST8/SCCmecIV and t044/ST80/SCCimecIV) [31]. These values
when compared to the overall numbers of MRSA are small but
still warrant attention since PVL-positive CA-MRSA are more
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commonly associated with skin and soft tissue infections and are
rarely found in blood stream infections [31] from which the
majority of the sample isolates were drawn. Livestock-associated
spa types belonging to MLST sequence type ST398 [32] made up
0.4% of the overall sample. However, none were methicillin-
resistant indicating a low rate of human systemic infections
induced by MRSA variants of this clone despite the increasing
interest and concern about such isolates by health authorities.
With the decision to utilize spa typing as a common platform to
address the geographic abundance of S. auwreus clones, various
potential problems that might affect observations need to be taken
into account. First, a single sequence of approximately 280 base-
pairs under potential immune selection may be a relatively weak
indicator for the genetic background of a genome that is
approximately 10,000-times larger, even in a species such as S.
aureus that is evolving in a predominantly clonal manner.
Furthermore, convergent evolution could occur as a result of the
high mutability of the repeat region of the spa gene used in spa

@ PLoS Medicine | www.plosmedicine.org
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Table 5. Unexpectedly frequent spa types at country level assuming a European-wide random distribution.
n Labs Percent Labs n MRSA Percent
Country Reporting nLabs Reporting among MRSA among
Cluster spa spa Clustered Participating Clustered nlsolates nlsolates Observed Observed
Number Country Type Complex® ST® spaType in Survey spa Type Observed Expected® Isolates Isolates
1 Austria t190 190 8 7 18 389 11 0.9 10 91
2 Belgium t740 740 45 6 22 27.3 15 1.0 11 73
3 Belgium t038 740 45 8 22 36.4 12 0.8 12 100
4 Bulgaria t030 12 239 4 8 50.0 10 0.4 9 90
5 Croatia t041 1 228 7 11 63.6 14 22 14 100
6 Czech Republic t003 45 225 16 20 80.0 34 38 34 100
7 Czech Republic  t130 130 — 3 20 15.0 5 0.4 5 100
8 Denmark t230 728 45 7 14 50.0 8 0.7 0 0
9 France t008 8 8 22 23 95.7 61 13.6 54 89
10 France t777 777 5 6 23 26.1 9 0.7 8 89
1 Germany t003 45 225 10 27 37.0 24 4.7 23 96
12 Germany 032 32 22 9 27 333 29 9.5 29 100
13 Greece t044 44 80 3 3 100.0 5 0.1 4 80
14 Hungary 1062 Singleton 5 2 10 20.0 6 0.3 6 100
15 Hungary t216  Singleton 59 7 10 70.0 7 0.5 7 100
16 Ireland 1032 32 22 18 22 81.8 38 8.9 38 100
17 Ireland t515 32 22 7 22 31.8 8 0.7 8 100
18 Italy t041 1 228 13 19 68.4 23 37 23 100
19 Italy t001 1 228 8 19 421 9 1.5 9 100
20 Latvia t435 435 427 4 1 36.4 8 0.2 8 100
21 Latvia t425 425 368 3 1 27.3 5 0.1 5 100
22 Poland t037 12 239 11 23 47.8 21 22 14 67
23 Poland t127 127 1 6 23 26.1 17 4.0 17 100
24 Romania t030 12 239 3 10 30.0 6 0.3 6 100
25 Spain t067 2 5&125 18 21 85.7 52 44 43 81
26 Spain t002 2 5 15 21 714 28 10.9 14 50
27 United Kingdom t032 32 22 12 15 80.0 39 6.9 27 96
Total — — — — 235 — — 504 834 438 87
aspa complexes group spa types that differ by only a single evolutionary event (single indel or nucleotide polymorphism) into the same complex.
PAs determined by SRLs.
“Average number of isolates with this spa type expected in country after 10,000 simulations on the basis of European-wide cumulative frequency.
doi:10.1371/journal.pmed.1000215.t005

typing [26,33]. Finally, spa typing on its own it may not be
sufficiently discriminatory to distinguish between MRSA isolates
given that only five spa types accounted for almost half (48.1%) of
all 967 MRSA isolates examined in this survey. The regional
clusters found in this study provide a good indication that
homoplasy is not a major problem that hinders the recognition of
clonal dissemination on a geographic scale. Moreover, when
comparing agr type, SCCmec type, toxin gene, and antibiotic
susceptibility profiles within and between different spa types, a
significant within-spa-type consistency and between-spa-type dis-
cordance supports the notion that in most cases spa typing provides
a convenient and valid marker for the major clones and clonal
lineages [34].

In order to explore the geographic distribution of different spa
types, and the genetic and phenotypic detail of isolates in the
European sample, the reader is encouraged to explore the
purpose-built interactive Web application, SRL-Maps, at http://
www.spatialepidemiology.net/srl-maps/. This application contains
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the public domain data made available to the scientific and public
health community by all SRLs that participated in the study. It
also illustrates the potential of such a communication platform.
The underlying database is fully searchable and the map-based
application i1s a template for the future addition of further
epidemiological and biological information. We believe that this
approach to spatial epidemiology will become a rich resource for
future enquiry into the population dynamics of infectious agents
and their evolution.

In conclusion we provide evidence that the major MRSA clones
in Europe occur predominantly in geographical clusters. This also
indicates that MRSA, rather than spreading freely in the
community, diffuses through regional health care networks. This
important finding suggests that control efforts aimed at interrupting
the spread within and between health care institutions may not only

@ PLoS Medicine | www.plosmedicine.org
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Table 6. Regional clusters of spa types.
Countries nMRSA  Percent
Regional Window reporting Clustered Log among MRSA among
Cluster spa spa Radius spa Type within nlsolates nlsolates Likelihood Observed Observed
Number Type Complex® ST® Window Centre (km) Window Observed Expected® Ratio Isolates  Isolates
1 t067 2 5& 125 Alicante, Spain 716 ES, FR 55 4.7 126.9 46 84
t041 1 228 Split, Croatia 522 AT, HR, HU, SI, IT 59 10.6 84.76 59 100
t032 32 22 Belfast, Northern 596 IE, UK 77 15.9 84.74 75 97
Ireland (UK)
t003 45 225 Leipzig, Germany 386 CZ, DE, PL 58 10.0 82.26 54 93
too8 8 8 Perpignan, France 931 AT, BE, DE, ES, FR, 119 455 72.96 105 88
HR, PT, SI
6 t740 740 45 Goes, Netherlands 81 BE, NL 15 0.6 50.36 1 73
7 t030 12 239 Pleven, Bulgaria 331 BG, RO 16 0.7 45.24 15 94
8 t037 12 239 Plock, Poland 330 PL 21 22 36.02 18 86
9 t038 740 45 Wilrijk, Belgium 92 BE 12 0.8 32.71 12 100
10 t190 190 8 St Polten, Austria 56 AT 10 0.3 29.63 9 90
11 t001 1 228 Sibenik, Croatia 885 AT, DE, HU, IT, MT 29 10.2 27.55 29 100
12 t435 435 427 Daugavpils, Latvia 189 LV 8 0.2 25.82 0 0
13 t425 239 368 Riga, Latvia 0 LV 5 0.1 22.76 5 100
14 t127 127 1 Inowroclaw, Poland 131 PL 12 0.9 22.65 0 0
15 t032 32 22 Berlin, Germany 128 DE 19 3.2 222 19 100
16 to15 15 45 Lomza, Poland 581 CZ, LV, PL 35 11 20.72 7 20
17 t091 91 7 Ried, Austria 771 AT, BE, CZ, DE, FR, HR, 71 42.8 20.68 4 6
HU, IT, NL, PL, SI
18 t777 777 5 Laval, France 277 FR 7 0.3 20.61 7 100
19 t081 78 25 Makow 0 PL 4 0.0 19.37 3 75
Mazowiecki, Poland
20 t515 32 22 Mullingar, Ireland 196 IE, Northern Ireland 9 0.7 18.94 9 100
(UK)
21 t002 2 5,231 Coimbra, Portugal 484 ES, PT 33 10.6 18.37 20 61
22 t230 728 45 Hilleroed, Denmark 235 DE, DK, SE 1 14 17.19 0 0
23 t044 44 80 Nicosia, Cyprus 916 GR, CY 6 0.2 17.09 6 100
24 t2054 8 8 St Mande, France 226 BE, FR4 5 0.2 16.64 3 60
25 t062 singleton 5 Szolnok, Hungary 145 HU 6 0.3 15.24 6 100
Total — — —_ —_ 368 (mean) 339 702 173.1 — 522 74
Analyses were performed for spa types with five or more isolates during the study period.
?spa complexes group spa types that differ by only a single evolutionary event (single indel or nucleotide polymorphism) into the same complex.
PAs determined by SRLs.
“Average number of isolates with this spa type expected in window after 10,000 simulations on the basis of European-wide cumulative frequency.
AT, Austria; BE, Belgium; BG, Bulgaria; CY, Cyprus; CZ, Czech Republic; DE, Germany; DK, Denmark; ES, Spain; Fl, Finland; FR, France; GR, Greece; HR, Croatia; HU, Hungary;
IE, Ireland; IT, Italy; LV, Latvia; MT, Malta; NL, Netherlands; PL, Poland; PT, Portugal; RO, Romania; SE, Sweden, SI, Slovenia; UK, United Kingdom.
doi:10.1371/journal.pmed.1000215.t006

be feasible but ultimately successful and should therefore be strongly
encouraged. We also showed that an international surveillance
network sharing decentralised typing results on a Web-based
platform can provide crucial information for clinicians, diagnostic
microbiologists, and infection control teams on the dynamics of
S. aureus spread, and especially the spread of MRSA isolates, to
provide early warning of emerging strains, cross-border spread, and
importation by travel.

Supporting Information

Text 81 Affiliations and contact information of the Staphylococcus
aureus Reference Laboratory Working Group members.

Found at: doi:10.1371/journal.pmed.1000215.s001 (0.16 MB
DOC)
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Figure 4. Location of laboratories isolating S. aureus of spa types t067, t041, t032, and t003, which are the four most significant
regional clusters on SRL-Maps. The numbers within each placemark represent the number of isolates and the colours represent resistance
phenotypes: red, MRSA; green, MSSA; yellow, a mixture of MRSA and MSSA.

doi:10.1371/journal.pmed.1000215.g004

Text 82 Author contributions of the Staphylococcus —aureus
Reference Laboratory Working Group members.

Found at: doi:10.1371/journal.pmed.1000215.s002 (0.13 MB
DOC)
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Editors’ Summary

Background. The bacterium Staphylococcus aureus lives on
the skin and in the nose of about a third of healthy people.
Although S. aureus usually coexists peacefully with its human
carriers, it is also an important disease-causing organism or
pathogen. If it enters the body through a cut or during a
surgical procedure, S. aureus can cause minor infections such
as pimples and boils or more serious, life-threatening
infections such as blood poisoning and pneumonia. Minor
S. aureus infections can be treated without antibiotics—by
draining a boil, for example. Invasive infections are usually
treated with antibiotics. Unfortunately, many of the S. aureus
clones (groups of bacteria that are all genetically related and
descended from a single, common ancestor) that are now
circulating are resistant to methicillin and several other
antibiotics. Invasive methicillin-resistant S. aureus (MRSA)
infections are a particular problem in hospitals and other
health care facilities (so-called hospital-acquired MRSA
infections), but they can also occur in otherwise healthy
people who have not been admitted to a hospital
(community-acquired MRSA infections).

Why Was This Study Done? The severity and outcome of
an S. aureus infection in an individual depends in part on the
ability of the bacterial clone with which the individual is
infected to cause disease—the clone’s “virulence.” Public-
health officials and infectious disease experts would like to
know the geographic distribution of the virulent S. aureus
clones that cause invasive infections, because this
information should help them understand how these
pathogens spread and thus how to control them. Different
clones of S. aureus can be distinguished by “molecular
typing,” the determination of clone-specific sequences of
nucleotides in variable regions of the bacterial genome (the
bacterium'’s blueprint; genomes consist of DNA, long chains
of nucleotides). In this study, the researchers use molecular
typing to map the geographic distribution of MRSA and
methicillin-sensitive S. aureus (MSSA) clones causing invasive
infections in Europe; a MRSA clone emerges when an MSSA
clone acquires antibiotic resistance from another type of
bacteria so it is useful to understand the geographic
distribution of both MRSA and MSSA.

What Did the Researchers Do and Find? Between
September 2006 and February 2007, 357 laboratories serving
450 hospitals in 26 European countries collected almost
3,000 MRSA and MSSA isolates from patients with invasive S.
aureus infections. The isolates were sent to the relevant
national staphylococcal reference laboratory (SRL) where
they were characterized by quality-controlled sequence
typing of the variable region of a staphylococcal gene
called spa (spa typing). The spa typing data were entered
into a central database and then analyzed by a public,
purpose-built Web-based mapping tool (SRL-Maps), which
provides interactive access and easy-to-understand
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illustrations of the geographical distribution of S. aureus
clones. Using this mapping tool, the researchers found that
there was a wide geographical distribution of spa types
across Europe with some types being common in all
European countries. MSSA isolates were more diverse than
MRSA isolates and the genetic diversity (variability) of MRSA
differed considerably between countries. Most importantly,
major MRSA spa types occurred in distinct geographical
clusters.

What Do These Findings Mean? These findings provide
the first representative snapshot of the genetic population
structure of S. aureus across Europe. Because the researchers
used spa typing, which analyzes only a small region of one
gene, and characterized only 3,000 isolates, analysis of other
parts of the S. aureus genome in more isolates is now needed
to build a complete portrait of the geographical abundance
of the S. aureus clones that cause invasive infections in
Europe. However, the finding that MRSA spa types occur
mainly in geographical clusters has important implications
for the control of MRSA, because it indicates that a limited
number of clones are spreading within health care networks,
which means that MRSA is mainly spread by patients who
are repeatedly admitted to different hospitals. Control efforts
aimed at interrupting this spread within and between health
care institutions may be feasible and ultimately successful,
suggest the researchers, and should be strongly encouraged.
In addition, this study shows how, by sharing typing results
on a Web-based platform, an international surveillance
network can provide clinicians and infection control teams
with crucial information about the dynamics of pathogens
such as S. aureus, including early warnings about emerging
virulent clones.

Additional Information. Please access these Web sites via
the online version of this summary at http://dx.doi.org/10.
1371/journal.pmed.1000215.

e This study is further discussed in a PLoS Medicine
Perspective by Franklin D. Lowy

e The UK Health Protection Agency provides information
about Staphylococcus aureus

e The UK National Health Service Choices Web site has pages
on staphylococcal infections and on MRSA

e The US National Institute of Allergy and Infectious Disease
has information about MRSA

e The US Centers for Disease Control and Infection provides
information about MRSA for the public and professionals

o MedlinePlus provides links to further resources on
staphylococcal infections and on MRSA (in English and
Spanish)

® SRL-Maps can be freely accessed
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