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EPIDEMIOLOGIA MOLECOLARE
DELLE INFEZIONI NOSOCOMIALI

PRINCIPI ED APPLICAZIONI A SUPPORTO
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Epidemi nolecolare

IScienza che studia il contributo di
potenziali fattori di rischio genetici ed
ambientali, identificati a livello
molecolare, nell’etiologia, distribuzione e
prevenzione delle malattie in ambito
familiare o nelle popolazioni

JE’ basata sull’epidemiologia tradizionale

Deriva dall'integrazione della Biologia
Molecolare nella ricerca epidemiologica
tradizionale allo scopo di definire la
distribuzione delle malattie e i loro
determinati etiologici
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Epidemi nolecolare

IGli obiettivi dell’Epidemiologia
Molecolare sono ampi ed
Includono:

¥ Studi descrittivi ed analitici per
valutare le interazioni tra ospite ed
ambiente nelle malattie
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" Sviluppo di strategie di prevenzione
per il controllo di infezioni batteriche,
parassitarie e virali mediante la
diagnostica molecolare
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Epidemi nolecolare

11l raggiungimento di questi obiettivi
dipende dalla disponibilita di:

® Apparecchiature biotecnologiche
avanzate, reagenti e materiali per
I"analisi di potenziali fattori di rischio
genetici ed ambientali

" Epidemiologi molecolari esperti capaci di
Integrare la Biologia molecolare nella
ricerca epidemiologica e nella pratica di
Sanita Pubblica
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Molecular Epidemiology in the Care of Patients

Michael A. Pfaller, MD

® Several different epidemiologic typing methods have
been applied in studies of microbial pathogens. These
methods include the more traditional nonmolecular ap-
proaches as well as the more sophisticated molecular typ-
ing methods. Application of traditional epidemiologic typ-
ing methods, such as antibiogram, serotyping, biotyping,
and phage typing, have occasionally been useful in describ-
ing the epidemiology of infectious diseases. However, these
metheds have generally been considered to be tooe vari-
able, labor intensive, and slow to be of practical value in
epidemiologic investigations. In response to these limita-
tions, several techniques have been adopted from the mo-
lecular biology field for use as epidemiologic typing meth-
ods and have been applied in studies of bacteria, fungi,
viruses, and protozoa. The most widely used molecular typ-
ing methods are the DNA-based methods, such as plasmid
profiling, restriction endonuclease analysis of plasmid and
genomic DNA, Southern hybridization analysis using spe-
cific DNA probes, and chromosomal DNA profiling using
either pulsed-field gel electrophoresis or polymerase chain
reaction-based methods. The various molecular typing
metheds may be applied to the investigation of outbhreaks
of infections or may be used in the context of epidemio-
logic surveillance. For outbreak investigation, typing meth-
ods are used to compare isolates from a suspected out-
break to delineate clonally related and unrelated strains
with the goal of short-term control of transmission. In the
context of epidemiologic surveillance, molecular typing
methods may be used to monitor geographic spread and
prevalence shiits of epidemic and endemic clones with the
goal of long-term evalualion of prevenlive strategies or 1or
the detection and monitoring of emerging and reemerging

infections. The specific typing method selected may vary
with the task at hand; however, the typing studies must
always be used to supplement, rather than replace, careful
epidemiologic investigation.

(Arch Pathol Lab Med. 1999;123:1007-1010)

infections. The need to determine the relatedness of mi-
croorganisms may arise during an outbreak investigation
where one wishes to determine clonal spread of an or-
ganism in a microenvironment and to identify the source
of infection. Alternatively, epidemiologic surveillance con-
ducted over a longer time requires the monitoring of clon-
al spread and prevalence of strains within a population as
an aid in the long-term evaluation of control strategies or
for the detection and monitoring of emerging or reemerg-
ing infections.! In many instances, simple species identi-
fication and antimicrobial susceptibility testing can be
used to determine whether the isolates are epidemiolog-
ically related as part of a cluster or to track a particular
strain over time. However, if the infection of interest is due
to an organism, such as Escherichia coli, Staphylococcus epi-
dermidis, or Pseudomonas aeruginosa, that is a frequent or
universal member of the normal flora or environment, ad-
ditional tests might be required to determine whether the
isolates are related. Subspecies delineation or strain or
subtype determination is done to determine whether the
isolates give the same or different results to 1 or more
tests. In the simplest example, isolates from patients in-
volved in a possible outbreak of infections are typed, and
those that give the same result or “fingerprint’” are con-
sidered to be clonally (and therefore epidemiologically)
related and thus likely to have been transmitted from pa-
tient to patient from a common source or by a common
mechanism.'# Similarly, if the same strain or subtype of
an organism is repeatedly isolated from a single patient,
the organism most likely is infecting or colonizing the pa-
tient, and it is unlikely to be a contaminant.**

PHENOTYFPIC VS GENOTYPIC TYPING METHODS

Epidemiologic typing methods include both the more
traditional phenotypic methods and the relatively new
and more sophisticated genotypic or DNA-based methods
(Tahle 112% Phenntunic methods snch as antimicrohial
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EDITORIAL 10.1111/§.1198-743X.2004.00815.x

Does molecular typing make any contribution to the care of patients with
infection?
H. Humphreys

Department of Clinical Microbiology, Royal College of Surgeons in Ireland and Beaumont Hospital,
Dublin, Ireland

ABSTRACT

Molecular typing has been used extensively to study the epidemiology of infection, but there are few
studies on the role of typing in the clinical management of infected patients. Examples of this include
distinguishing relapse of infecion from new infection, determining the significance of colonisation with

potential pathogens, assessing the capacity of isolates to spread and cause serious illness, and linking

changes in antimicrobial resistance with treatment. Further studies in selected patient groups and

greater collaboration between molecular microbiologists, clinical microbiologists and infectious disease
physicians are required to determine the impact of molecular typing in these and other scenarios.

Keywords Infection, molecular typing, typing

Clin Microbiol Infect 2004; 10: 269-271
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The Application of Molecular Techniques to the Study of
Hospital Infection

Anca Andrei, MD; Marcus J. Zervos, MD

® Context.—Nosocomial infections represent an important
cause of morbidity and mortality in hospital settings, re-
sulting in high health care costs. The roles of an epidemic
investigation are to recognize that a problem exists, to
compare characteristics of affected persons with those of
similar but unaffected persons (case-control study), and to

identify risk factors. Integrating typing methods as part of

conventional epidemiologic_surveillance is_cost-effective

and results in a reduction in rates of nosocomial infections.

ogy of hospital-acquired infection; and to discuss the ap-
propriate use of these tests in the prevention and control
of hospital-associated infection.

Data Source.—Published English-language literature

from 1980 to the present.

Conclusions.—Pulsed-field gel electrophoresis is the
method of choice for strain delineation. The newest tech-

During the past 10 years, there has been unprecedented
progress in molecular biology and in the application of nu-
cleic acid technology to the study of the epidemiology of
human infections.

Objectives.—To summarize the available molecular tests
for determination of the relatedness of microorganisms
causing nosocomial infections, emphasizing the most use-
ful applications of the tests to the study of the epidemiol-

niques include polymerase chain reaction and multilocus
sequence typing, in which various housekeeping genes that
are stable markers of strain identity are sequenced. Molec-
ular techniques are broadly applicable to the study of di-
verse pathogens. Typing data obtained by DNA analysis

should always be considered togsether with epidemiologic

information, because only this combination will enable the

most accurate epidemiologic evaluation.
(Arch Pathol Lab Med. 2006;130:662-668)
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Application of Molecular Techniques to the Study of
Hospital Infection

Aparajita Singh,'~* Richard V. Goering,” Shabbir Simjee,* Steven L. Foley,” and Marcus J. Zervos'~

Diepartrent of Medicne, Se-c.lr-:u.- of Infecuous Diseases, Hemey Ford Hogpinal, Desrow, Mickgnn'; Wayne Siate University Schoal of
Medicine, Detroit, Michigan® Degartment of Medical Microbiology and Tvemisology, Creghion Ussversite School of Medicine,
Chmiha, Nebraska®; Divisian of Awimatl and Food Microbiology, Offce of Research, Cewter for
Veterimary Medicine, U8, Food and Divtig Admimistrension, Laurel, Mardmad®; and
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Contributions of Molecular Epidemiology to the Understanding of
Infectious Disease Transmission, Pathogenesis, and Evolution

BETSY FOXMAN, PuD

PURPOSE: Describe the contributions of molecular generics to our understanding of the molecular epi-
demiology of infectious diseases caused by bacteria.

METHODS: Synthesize the literature, highlighting work on Escherichia coli and Group B streprococeus.
RESULTS: 1) Commensal bacteria are genetically and phenotypically diverse. 2) Disease-causing strains
of commensal bacteria often have special characteristics than allow them to be distinguished from common
inhabitants. 3) Colonization by commensal bacteria is dynamic. 4) Commensal bacteria are transmitted

berween individuals.

CONCLUSIONS: Applications of epidemiologic principles to bacrerial populations gives insight into
the natural history of colonization and transmission in the human host.

Ann Epidemiol 2007;17:148-156. © 2007 Elsevier Inc.  All rights reserved.

KEY WORDS: Molecular epidemiology, Infectious disease, Bacrerial pathogens.
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Un efficace controllo delle
malattie infettive dipende:

I Dalla rapidita di individuazione e
caratterizzazione degli agenti eziologici

I Dalla predisposizione di un adeguato
sistema di sorveglianza per:

® verificare I'andamento delle malattie
® verificare I'effetto dei programmi di controllo
e prevenzione

" per allertare i servizi in caso di epidemie
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Perché applicare la biologia
molecolare all’epidemiologia

! Identificazione
¥ specie, sottotipi, ceppi

UNITED KINGDOM IDENTITY CARD
S, 1.BLOGASON **

RBRITISH CITIZEN
343567678765657

® interventi di Sanita Pubblica
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Perché genotipizzare i microrganismi

JPer avere informazioni su:
" riserve di infezione
¥ associazioni d'ospite
" vie di diffusione

LA LL TS

i

JPer migliorare: =558
® le misure di prevenzione
" i sistemi di sorveglianza
¥ la definizione di “caso’
" la cura del paziente
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Epidemiologia molecolare e
malattie infettive

IL'approccio molecolare ci permette di
effettuare studi epidemiologici

descrittivi ed analitici per:

¥ valutare le interazioni ospite/ambiente

" identificare i fattori causali

" definire la distribuzione delle malattie

® tracciare le vie di trasmissione

" sviluppare strategie preventive per |l
controllo delle patologie infettive

" intraprendere azioni per determinare,
controllare e comprendere gli eventi
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Epidemiologia molecolare e
malattie infettive

ILe indagini di epidemiologia
molecolare condizionano in maniera
significativa la comprensione del
processo di sviluppo della malattia

ILe tecniche di biologia molecolare

permettono:

% di determinare perché le infezioni si
verificano

¥ se esse sono potenzialmente in grado
di verificarsi nuovamente nel futuro
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Definizioni

ATipi (Type)
IMetodi di tipizzazione (Typing system)

ICeppi (Strains)
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ICloni

. E!_ﬁlﬂl!“ﬂ 9 EUIDINI 1P B1j09e]

=
=
<
o)
=1
2
H-u
mt
Q
o)
Q
n
H
C
o
Q
ju
- 2
0
Ty
.0



Tipl e Metodi di tipizzazione

JUn metodo di tipizzazione (typing
system) e quel sistema in grado di
Individuare variazioni tra microrganismi
appartenenti alla stessa specie

~Un tipo (type) & un microrganismo con
uno specifico profilo biomolecolare
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Ceppo

JE’ un microrganismo (o un gruppo
omogeneo di microrganismi) che
mostra caratteristiche particolari che
permettono di distinguerlo da altri
microrganismi appartenenti alla stessa
specie
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Clone

JUn gruppo di microrganismi, discendente
da un antenato comune, generatosi da
una serie di replicazioni dirette

11 cloni sono per definizione
geneticamente correlati ed in grado di
mostrare alti livelli di similarita rispetto a
ceppl non correlati epidemiologicamente.
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Metodi di tipizzazione

JFenotipizzazione lGenotipizzazione
“ Biotipizzazione ® profilo plasmidico _
" Sjerotipizzazione " RAPD :
¥ Fagotipizzazione * VNTR, IRS

- AR e ] 8ﬁziledriza/tossine
% Batteriocine

" restrizione enzimatica
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¥ Sequenziamento
= MLST, MVLST l.._IIIIII“

¥ tossine = Totale
* Profilo proteico = southern blotting
(PAGE) = PCR - RFLP
® Multilocus Enzyme * ribotipizzazione —
Electrophoresis = PFGE gy =
= AFLP =ogak- S
" Microarray S




JFenotipizzazione [lGenotipizzazione ™
all=

: : @ <
Vantaggl Vantaggl = 0
" facili da eseguire " generici )
| i ' B ' ' 2 =
Facile esaminare riflettono la filogenesi - ),
contemporaneamente % automatizzabili ?.' Q
molti ceppi " non soggettivi = 2

" test tradizionali (ampio E: =
database) — Y,
o

: : @i
Svantaggl Svantaggl TN
% procedure specifiche ¥ costosi g%
per il test " a volte lenti = E

" reagenti specifici ® analisi dati complesse &:0
® spesso sito-specifici ® a volte sito-specifici 0 =
" operatore-dipendente . 0

(abilita e manualita)

g
by
S

T




Criteri di valutazione dei sistemi
di tipizzazione epidemiologica
molecolare

JRiproducibilita

_JBuona discriminazione

) Applicabilita a tutti gli isolati

_IFacile e rapida utilizzazione

JPossibilita di effettuare facilmente un
gran numero di analisi

JIVersatilita, cioé la possibilita di
applicazione a differenti microrganismi
con pochi cambiamenti

JPossibilita di individuare marcatori

molecolari (tossine, fattori di virulenza,

etc.) utili per interventi preventivi
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Nessun sistema
di tipizzazione
e riproducibile
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