METHOD FOR MEASURI NG THE | NCI DENCE OF HOSPI TAL ACQUI RED | NFECTI ONS 5 CRGCSS
REFERENCE TO RELATED PATENT APPLI CATI ON This application clains priority to
U.S. Provisional Application No. 60/591,561 filed July 27, 2004 and U. S.
Provi sional Application No. 60/678,899 filed May 6, 2005, both of which are
herein incorporated by reference in their entireties. 10 1. BACKGROUND A
"hospital -acquired infection" is a localized or systemc condition that
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specific sites or types of infection for which criteria have been devel oped,
(Ganer et al., APIC Infection Gontr gACKdRUNDed Epi dem ol ogy: Principles
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tract lhuseffes gbowd2,000990 patiratsirer yeps in the U.Dvsauging abew SO0 deaths. They are
the fourth leading cause of death in the U.S., behind only cancer, strokes, and heart disease.

In addition to their human toll, each infection costs nearly $14,000 to treat, totaling $28B

each year in the U.S.
Consumers, employers, hospital insurers, regulatory agencies and others wish to know
20  how many infections occur and how many people acquire an infection occur each year in a
given hospital. However, few hospitals can answer these questions.

The current state of the art for identi:f:ying hospital-acquired infections is advanced by |
tﬁe Centers for Disease Control and Prevention (CDC) through its National Nosocomial
Infection Surveillance (NNIS) program. Under NNIS, there are 13 major site categories and

25 4é specific sites or types of infection for which criteria have been developed, (Garner et al.,
APIC Infection Control and Applied Epidemiology: Principles and Practice, 1996). The
method requires specially trained hospital clinical personnel to manually review clinical and
other data for each patient, including patient admission, transfer and discharge data,
laboratory results, pharmacy data, radiclogy data, physician notes, and nursing notes for each

30 patient.




Criterion 1. Patient has organisns isolated fromculture of fluid (other
than urine) or 5 tissue fromaffected site. Criterion 2: Patient has an
abscess or other evidence of infection seen on direct exam nation, during a
surgi cal operation, or during a histopathol ogic exam nation. Criterion 3:
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tissues surrounding the retroperitoneal or perinephric space; or

€) Physician institutes appropriate therapy for an infection of the kidney, ureter,
bladder, urethra, or tissues surrounding the retroperitoneal or perinephric space.

20 This current state of the art for identifying hospital-acquired infections is a manual
process that is so time consuming that no hospital has the personmel required to apply it to all
patients in the hospital. Each patient admission requires at least 20 minutes to determine if 2
hospital-acquired infection was present, (Gavin PJ, et al., SHEA 2004). At that rate, a
hospital with 20,000 yearly admissions would require five full time trained reviewers just o

25 measure the hospital’s infection rate. Very few hospitals have this level of staffing for
Infection Control.

In response to the lack of resources required to apply the NNIS method to all patients
within most hospitals,. the NINIS program eliminated the “hospital-wide component” (the
calculation of the incidence of hospital-acquired infections throughout the hospital) in

30  January 1999, (National Nosocomial Infections Surveillance (NNIS) System Report. Am J
Infect Control 1999). As a result, most hospitals only identify certain infections in a subset of
patients at certain times of the year. With this limited perspective, hospitals cannot determine
the full extent of the problem of hospital-acquired infections nor its financial impact.




Mor eover, the current manual process includes many criteria that require the
subj ective judgnent of hospital clinical staff. In the 20+ years that the
NNI S nmet hod has been used, there has been only one study regarding its
objectivity, (Enori, et al., infect Control Hosp Epidem o.l 1998). That
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di scharge data that nearly every hospital "has in electronic format. Using
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data set would arrive at the same measurement.

This method utilizes laboratory resuits, pharmacy data and patient admit-transfer-

20  discharge data that nearly every hospital has in electronic format. Using the deseribed
méthod, one is able to compute the mumber of Nosocomial Infection Markers (NIM). Clinical
studies have shown that the number of NIMs corresponds to the number of distinct hospital-
acquired infections — thereby serving as a clinically valid proxy measure. Financial studies
have demonstrated that each NIM is correlated with 7.5 extra days stay in the hospital and

25  $14,000 in variable treatment cost (risk-adjusted). Thus, the Method can also be used to
predict the length of stay and cost implications of hospital-acquired infections.

IIl. BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and constitute a part of this
30  specification, illustrate several embodiments and together with the description illustrate the
disclosed compositions and methods.
Figure 1 is a block diagram representing an exemplary network environment having &

variety of computing devices in which the present invention may be implemented;

3




variety of conputing devices in which the present invention may be

I npl emented; 3 Figure 2 is a block diagramrepresenting an exenpl ary
non-limting conputing device in which the present invention may be

i npl emented; Figure 3 is a block diagramrepresenting the nethod of the
present invention. 5 |V. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT
Before the present nethods are disclosed and described, it is to be
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A, Definitions
20 As used in the specification and the appended claims, the singular forms “a,” “an” and
“the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to “an infection” includes mixtures of two or more such infections, and
the like.
Ranges can be expressed herein as from “about” one particular value, and/or to
25  “about” another particular value. When such a range is expressed, another embodiment
includes from the one particular value and/or to the other particular value. Similarly, when
values are expressed as approximations, by use of the antecedent “about,” it will be
understood that the particular value forms another embodiment. It will be further understood
that the endpoints of each of the ranges are significant both in relation to the other endpoint,
30  and independently of the other endpoint. It is also understood that there are a number of
values disclosed herein, and that each value is also herein disclosed as “about” that particular

value in addition to the value itself, For example, if the value “10” is disclosed, then “about




val ues di scl osed herein, and that each value is also herein disclosed as
"about" that particular value in addition to the value itself. For exanple,
if the value "10" is disclosed, then "about 4 10" is also disclosed. It is
al so understood that when a value is disclosed that "l ess than or equal to"
the value, "greater than or equal to the value" and possible ranges between
val ues are also disclosed, as appropriately understood by the skilled
artisan. H&® isaadmrqﬁlscﬂoseﬂf Tttidalso waderstodd Bt Wlmn d'rvahnb issdist]oded that f bmhmmtn or
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(NI') al so Known as "Hospital-acquired | ction S | ocal I zed or
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i nfecti ous age its to and r i ncubati ng
i the Time.of I SR EUGHOR R L BBy wieebrolE rtpan TPt ot
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di stinct nosoc6fptvnal irdeptienally™ mewisdhas thei sybsequintly doscyibed svent act eri a,
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i cr oor ga i Sy R Rt fosyf 84 RE0EH oA PORES Gyaro e R AR T eq i 1
the Iqlsor%&aﬁmaﬂ@wﬁnse@&cuﬁ@awaﬁeéhwhdrwabésaiotzatIon is the condition of
being treated as a patient in _a hospital or hospital-Iike faC|I|ty for any
| ength of ti nme Nosagewial Fifectios, M) glsedinopnyes Sospital-acquirpdhinfestion.d e r ecei ve
medi cal

atlécaf]%edoor ‘systemic condition that results from adverse reaction to the presence of an
infectious agent(s) or its toxin(s) and that was not present or mcubatmg at the time of
admission to the hospital or hospital-like facility but rather was acquired during a hospital or
20  facility encounter.
“Nosocomial Infection Marker” (NIM) is a value associated with the occurrence of a
distinet nosocormial infection.
“Isolate” is a microorganism (bacteria, virus, fongus, yeast, parasite, protozoa) or
evidence of the presence of a microorganism (e.g. DNA, serology, histology, microscopy)
25  identified in the laboratory analysis of a specimen.
“Hospitalization™ is the condition of being treated as a patient in 2 hospital or
hospital-like facility fo’r any length of time.
“Hospital” is any facility at which a patient can receive medical attention.
“Class of patient” is any group of patients that are linked by a common feature. Such
30 features can include, but are not limited to, diagnosis, service provider, location in hospital,
physician, and age. Other features are known to those skilled in the art and are herein

specifically contemplated.



"Class of patient' 'is any group of patients that are |linked by a common
feature. Such 30 features can include, but are not limted to, diagnosis,
service provider, location in hospital, physician, and age. O her features
are known to those skilled in the art and are herein specifically

contenpl ated. 5 Throughout this application, various publications are
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connection with remote or local services.
W gure 1 provides a schematic diagram of an exemplary networked or distributed

20 computing environment. The distributed computing environment comprises computing
objects 105a, 105b, etc. These objects may comprise programs, methods, data stores,
programmable logic, etc. Each object can communicate with another object by way of the
communications network 102. This network may itself comprise other computing objects and
computing devices that provide services to the system of Figure 1. In accordance with an

25  aspect of the invention, each object 105 or device 101 may contain an application that might
request NIM calculation resources of a host system.

Thus, Figure 1 illustrates an exemplary networked or distributed environment, with a
server in communication with client computers via a network/bus, in which the present
invention may be employed. In more detail, a number of servers 163a, 103b, etc., are

30 interconnected via a communications network/bus 102, which may be a LAN, WAN, intranet,
the Internet, ete., with a number of client or remote computing devices 101a, 101b, 101c,

1014, 101e, etc., such as a portable computer, handheld computer, thin client, networked



Thus, Figure 1 illustrates an exenplary networked or distributed
environnment, with a server in comrunication with client conputers via a
net wor k/ bus, in which the present invention may be enployed. In nore
detail, a nunber of servers 103a, 103b, etc., are 30 interconnected via a
comuni cati ons networ k/ bus 102, which nmay be a LAN, WAN, intranet, the
Internet, etc., with a nunber of client or renote conputing devices | da,
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Exenpl ary a@yoquptiting deieé teconepiion withayticht ihis desirabbasiopgovddesionpsasied NIk e

i ntended to provide a brief general description of a suitable computing
envi r onnefEcHAt

%hich the invention may be inplemented. 10 It shoul d be
under st ood, however, that handhel d, portable and other conputing devices and
conputi ng obj e&ts oExemplagy Comptiog C&€npl ated for use in connection with

the present i gyoniy ﬂa}!‘gér}%‘%vixt?%%ﬁéﬁﬁsﬁ@ﬂ m@ﬂ{t&ﬂ%&t&@ﬁw#%g%g@%eﬂ&%” bed bel ow,

this is but one“exanple, present 1nventi e Thnplemented with
a thin cl idesstiptievofrosuitebleoompiing envindrenanp ey wiich theyinventon mexg banrtplanentéius,

the present .invention may be inplenented in an 15 environnment of networked

host ed%serishewld be fn soRL Pevigvar 'ﬁlﬁr@n@cﬁmﬁt@&%m@%@m@gwe% -

| mpl i cat e@omﬁutﬂ:ﬁob cRRIPA' a%ﬁbhfeﬂij:@é&fofﬁbe‘iﬂb&ﬁhe&tﬁkfn&%ﬁ @?régﬁif' ce serves
I Nte ject pla

nerely as an face to the network/bus, such as an o ced in an
appl i ance inventies $&ilee, geanplynepese computedia tiescribgd tedowg,ttbisévbuwioné examplhanh dat a

may be retrieved.is desirabl e, or suitabl.e, .. environnent for operation of

Tha ¢ echn iR RSB mTSTRon Ry PERRCTS oA a4 oligt BRERBRPBRIRRG | hventi on can
be i npl engRLegeriify3Rd HREEEd This fePlserdt @k H&ﬁn@?’b@’ YRbAREH AF Services

for a device gerr object, and/or i%\({:[u pds Wi tvk?inn app ic]e{?‘iﬂon sof tware t hat

ai ds -ilf penvimmmenteietwakedhdstedisorviceSnf which eerpriitticos ndoiswl cliatirdsonredsargener al
context of co t er - execut anl?e dnstr

execut ed HPUBITE GF- HBFEC H?Wengﬁwagmﬁ ?ﬁ%ﬁ fig‘afj%%g‘?eré?l}m ?Sualé]:i/e?gl (r)\?
ot her deviyf&®ace $°IRE hatwaYlvbus, such as an object placed in an appliance. In essence, anywhere

that data may be stored or from which data may be refrieved is a desirable, or suitable,

environment for operation of the techniques of the invention.

20 Although not required, the invention can be implemented via an operating system, for
use by a developer of services for a device or object, and/or included within application
software that aids in performing NIM calculation. Software may be described in the general
context of computer-executable instructions, such as program modules, being executed by
one or more computers, such as client workstations, servers or other devices. Generally,

25  program modules include routines, programs, objects, components, data structures and the
like that perform particular tasks or implement particular abstract data types. Typically, the
functionality of the program modules may be combined or distributed as desired in various
embodiments. Moreover, those skilled in the art will appreciate that the invention may be
practiced with other computer system configurations. Other well known computing systems,

30 environments, and/or configurations that may be suitable for use with the invention include,
but are not limited to, personal computers (PCs), server computers, hand-held or laptop

devices, multi-processor systems, microprocessor-based systems, programmable consumer



25 program nodul es include routines, prograns, objects, conponents, data
structures and the 1like that perform particular tasks or inplenent

particul ar abstract data types. Typically, the functionality of the program
nodul es may be conbi ned or distributed as desired in various enbodi nents.
Mor eover, those skilled in the art will appreciate that the invention nmay be
practiced with other conputer system configurations. Qher well known

conput i ng ekepsomivs net@orkePs, nunivempetersandhiame corhpujers and thedike.nEhe innsmptien

suitable for use with the jinventjon ipclude but are not limted . to,
per sonal W&PE’FF %md@k}gﬁ@% %%?“é?fbﬁ‘&ﬁ%ﬁ@mt#?“%iﬂﬁlﬁmﬂéw ces,
mul ti - pr 09&ﬁ§t9f)f0§¥s§ﬁ1§lé%vic€§ RAORE RERE BRbuhASRHRY AL AGEs ndtveAVANBROLE consuner

7 electronics, network PCs, mniconputers, nainframe conputers and the |ike.
The i nvenudiaaitransmeiysied wedipm. fr adisiribagd comphiting ehbiperagent, pmegrah mpdsley mapberent s

wh b t L. ' th |i nked
i ough 2 S8 PAISBEEPRi FPBUE: Grob At Ty Fames eChis AHet um | n
a di stri bigh@elicnORadds hiAg e RYh bERVE R servief Rlle@m nodul es may be 5 |ocated in

both local and remote Conputer storage nedia including nmenory storage
devi ces and cFigere?2 thusldkisiratys anexample of @ seilableasonypating systemtleyirofbedrie 2 t hus

Il lustrates. exanmpl e of .a .suitab tin ystem envjronnment in which
the i nyenﬁrﬁ’bcﬁl%?" f'o_flﬁ‘b"}yew_ge e taﬁ%ﬁ% aﬁﬁ*’r@&%"%%@f?’ _%gqu{uhpﬁe _
conput i Ng gyskand bBHRoRMEAL TS BAR Bhe bRan®lé ¥f LRl asmb @i endirsithdrdRAEs gOMTPUL i Ng
environnent and is not 10 intended to suggest any Iimtation as to the scope
of usdOor irftended feomagest goyolimit#tion; as jathe sevpe of wesior fimctionaiy of theaveioput i ng

envi ronnert . ' reted..as_havin n ency. or requirenent rel ating
to any on egﬁe%@i&(ﬂ%‘?ﬂétcfm@ﬁ ﬁ%ﬁg %%WB O) %ﬁ{% g X}t%ﬁﬁ%%?agthgﬁmg A% ?i%’g'é B ar v

oper at i ngr&jitérhan fEiting tWahi ofiedabahaRtiédoffdofipblents ilABrRAENIhA&H¥mplsy em f or

i mpl ementing the invention 15 includes a general purpose conputing device in
t he form EPErHMESAPEETERCM.01. Conponents of conmputer 101 may include, but are
not limted toye i | 1 &k e : . system
bus 202 that- gg“ﬁ%lrg%%&ggﬁ)oﬁgﬁsé?s%%m cghr%&)ﬁé%#s@irfﬁcé%?gnr\ugn t%%emgé)}%f)gm menory

to thespr arksled Ngeneii purpOde cohlpmtify sévivaitle @02 of@yorsut@ 101 oforfgnesntabf t ypes
of bus structures including a menory bus or nenory controller, a peripheral
bus, and &ompsHen10hmayinclyds, Fut appotdimited joy aipEopssing Bik2Qs 8 pystar mamALy,

Conmput er ' | 335 var-i LOoNpUL er . I a.
Comput er %%maﬁ%g%}é%ﬁu%%éa@aﬂﬁggéuéﬁsyﬁéégS?(%tgllrné’ e Bﬁ{]ﬁé@a%g%{egs accessed by
conput er #Rhodnd the processing unit 201. The system bus 202 may be any of several types of bus

-

=

structures including a memory bus or memory controller, a peripheral bus, and a local bus
20 using any of a variety of bus architectures.

Computer 101 typically inchides a variety of computer readable media. Computer
readable media can be any available media that can be accessed by computer 101 and
includes both volatile and nonvolatile media, removable and non-removable media. By way
of exarnple, and not limitation, computer readable media may comprise computer storage

25 media and communication media. Computer storage media includes volatile and nonvolatile,
removable and non-removable media implemented in any method or technology for storage
of information such as computer readable instructions, data structures, program modules or
other data. Computer storage media includes, but is not limited to, RAM, ROM, EEPROM,
flash memory or other memory technology, CDROM, digital versatile disks (DVD) or other

30 optical disk storage, magnetic cassettes, magnetic tape, magnetic disk storage or other
magnetic storage devices, or any other medium which can be used to store the desired
information and which can accessed by computer 101. Communication media fypically

embodies computer readable instructions, data structures, prograrm modules or other datain a
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I ncl udes both volatile and nonvol atile nmedi a, renovabl e and non-renovabl e
medi a. Byway of exanple, and not limtation, conputer readable nedia my
conpri se conmputer storage 25 medi a and conmmuni cati on medi a. Conputer storage
medi a i ncl udes volatile and nonvol atile, renovable and non-renovabl e nedi a
I npl emented in any nmethod or technology for storage of information such as
conput er readable instructions, data structures, program nodules or other
dat a. Conpub@ilatsd SiAGEnAVSEih%siatalried 8ve Sltither Srafiort mhdBhinfisin bad indltks KM
EEPROM flash nenory or other nmenory technol ogy, CDROM digital verSatile
di sks ( DvDpfcomagandelivgy mydia. dhe tagindodulgied deta signgfi andans & sigeal thasbas amagnet i ¢

t , ' | SK St t her, . | t devd . th
rodi um ai e ke B oRkr P 1o B RGP SO R Ron R R v
accessed hymaD MU of EdmplE QA0 Biitativn, eoRethiniéAtioh @ddia/incledRAapttasmdapput er

readabl e instructions, data structures, programnodules or other data in a 8
nodul atSed sdeh as sviyedbnetworkipr siireef-wizgdrqoapection and wirglesemedia suehrsecousie Rk sm

and inclu an i.nfor.mation deliv . ' T een | at e t

lgnal - neifaRd g dRG R, HhatCrbBlnkadi iy J1V; WOSR R MRSREROLRE, o,
changed i nyigif hedcoprribmpstet Rad@blndedia.nf ormation in the signal. By way of
exanple, and not limtation, communication nmedia includes wired nmedia 5 such

as a wred net videlkystem giemesy 236 inplydescompter Horagamgdiniin ledomn pfwlatiles uch as

acoustic, R ' e h | [ el A, nmbi.natj ons _of any of the
above shoualngl oﬁfl&soogagﬁﬁlﬁ?:rﬁ%esgéh %rte#()n ¥%§&85§§%%§0%5%4m}%3§5bl e nedi a.
The symt erméms® (RARG Q05N basleipapsansti eystei 20AEIOBE Goataining the bisty ranties
volatile and/or nonvolatile nmenory such as read only mam)r%/ 203 and

random ac elpgo njnformagjoncigtveen elsments withineqmenmigr 01 s5ps) @%nguﬂ sgt OS)
fom ace e . . . . o on bet
cFement s WPt REPEE Siokabih K 20 AV Aoty B R aaba WP RGP YO0

i N ROM 203nodufsviiiz aretippiedildly accestitde toandat presuntly being lopetiion by gtdcessinghat are
i mmedi at el y, accessi ble to and/ or presently, bei nql operated on:by processing
uni t 201. Bl 2RbBrovaesarpmale, andngt fmitetion, Figureohillugiraies operating ﬁx%qm #es
oper at4ng | | N ' rogram nodul es
205, o SPER PSR il 207 R nileRl BF o broeblet s POSDT T
renovabl e/ non- Maaoompiter, 101\dyedisd iaélndestdratmbeblmuptemovailgr age nmedi a. By
way of exang[gfe only, Figure 2 illustrates a hard disk drive 211 that reads
from or wiPrElMegvelatle cempyiahiterasnBRdia By Wigohrrgmple anbmbiguse 2 distigiet i c

O ok st L G &l 21 rdah o or Wokds 33 nbirdind R AU Gl ALY e,

a magnetic disk drive 217 that reads from ;Or, w;ites o a removable, nonvolét;ile magnetic disk

-

20 237, and an optical disk drive 218 that reaiis'ﬁ'om'or writes to a removable, nonvolatile
optical disk 238, such as a CD ROM or othei' optical media. Other removaloii%/non—removable,
volatile/nonvolatile computer storage media that 'caﬁ be used in the exemplia:_tg'j;ir operating
environment include, but are not limited to, magnetic tape cassettes, flash memory cards,
digital versatile disks, digital video tape, solid state RAM, solid state ROM,and the like. The

25  hard disk drive 211 is typically connected to the system bus 202 through a ﬁéh-removable
memory interface such as interface 210, and magnetic disk drive 217 and opﬁcal disk drive
218 are typically connected to the system bus 202 by a removable memory interface, such as
interface 216.

The drives and their associated computer storage media discussed above and

30 illustrated in Figure 2 provide storage of computer readable instructions, data siructures,
program modules and other data for the computer 101. In Figure 2, for example, hard disk
drive 211 is illustrated as storing operating system 212, application programs 213, other
program modules 214, and program data 215. Note that these components can either be the

9



20 237, and an optical disk drive 218 that reads fromor wites to a
renovabl e, nonvolatile optical disk 238, such as a CD ROM or other optical
medi a. O her renovabl e/ non-renovabl e, volatile/nonvolatile conputer storage
medi a that can be used in the exenplary operating environnment include, but
are not limted to, magnetic tape cassettes, flash nmenory cards, di gital

versatile disks, digital video tape, solid state RAM solid state and
the |ike. Br Bdfntbsk ok MR 6t Yor GQRADE Eg yst em
bus 202 ths;gglgg% a non- rermvg ﬂﬁéﬁ%%nﬁﬂr§i’ @OL “such g@egﬁ{eg?r? ce 210, and

magnet i ¢ disdaledr208cand plograd dafat2i08 aDpatatiig sgtstemélz ZpPlicntion p;qgrmml 41, ehernect ed
to the system bus a . renovahl e rface, i nterface
216. The ﬁ?&fé@%@%ﬁiﬁwm&ﬁ%ﬁ% @aﬁ%ﬁ‘@fl ?nég@mhe@%ﬁred? Il§5ded above
and 30 il lygty i i t ﬁ&ﬁ},

|nstruct|ons gat]'é st rﬁgﬁgg&%#ggﬁgmgn%%s ang ad{;tta '?girtﬁt he
conput ér 1fith. thd a'bnﬁmy:rrlél ﬂlrotig]nrmpxaiﬁmba sutlaascth lchyhdsard GZZ ami Iilﬂﬂtmgsievﬂcé 221 r at ed
as storing oper gistem 212, icatl agﬁg élh program
modul es 214! R AR s @B Wéﬁ% otshAva) t her be
the 9 sa ) t ogr ans
207, of heiﬁ%ﬂ%‘aﬁéen?ﬁn‘% 1PiE iR, S B AU B Ger, BB e AR 00T 2T
appl i cat i authep ingpgt é;mceﬁm oﬂahlcemnecteddxgﬁaprm:esiuigemtzmxhraﬁgh Ppuseginpmn dat a 215
are given .different nunber heet | ust.r te t hat m_ni u they are
Gl 11 or ent RSB0 M) SrOupEg Ko FS0ech i s o3t e D cRmRtioy odhep w%}”ae

COMPULG! | 0d bhdiRieles AiRlas SGEAEDoRE R v eAIEHAGS (I8P DRl iRkioid

device 220, comonly referred to as a nouse, track :
i nput devﬂéés:la&mlm bshome):ted taatheisyst¢rn das 2020Doe ommwgraglﬁqssprdmksm&mﬁte pad,

satellite canner ; Il ke.. Th ot he eV| ces. are
often conr(gt@gdzf AgnPHRemp @i%‘f"ﬁ% E;geffa%?&] .Pé'@g erface
219 that g wwehﬁdlstaa&otaaﬁne%ﬂtt@m&yﬁa%% 202 Hia aﬁlﬁna%%a%taeﬂd&y ot her
interface 10 and bus structures, such as a parallel port or a universal

seri al buéht(:MB)Z%Aﬂgc]amayms‘mmnmmmu@teWBBVIdaymimww bomddgtindd to t he
syst em_bus 202 e or _nore h|c ocessin | GPUs) 224 may

c o mariScn TisTulet 7% BorRiptER nfew AP Rkl A DRI o Pt iy Sistne £ PR o

di splay degp Cvﬂnbﬁmajzsgcmea@&t}Mghcantohmﬁye?ﬁ)ﬁé&mﬁrfa&?m' a an interface,

such as a video interface 226, may in turn communi cate with video

menory 225. | nThelaempuser k03 wmtamm@Mrkmmemmmmumg ude ot her

Fﬁ:loggﬁrgh %ﬁ{lgm e%i%s Qﬁil}esqlf‘%’rl]ql,’?s i r| o ers sucﬁldsaremo{}: orﬁf.aupeﬂfé)%em ed

remote computer 228 may be a personal computer, a server, a router, a network PC, a peer

20  device or other common network node, and typically includes many or all of the elements
described above relative to the computer 101, although only a memory storage device 229 has
been illustrated in Figure 2. The logical connections depicted in Figure 2 include a local area -
network (LAN) 234 and a wide area network (WAN) 235, but may also include other
networks/buses.

25 When used in a LAN networking environment, the computer 101 is connected to the
LAN 234 through a network interface or adapter 227. When used in a WAN networking
environment, the computer 101 typically includes a modem 221 or other means for
establishing communications over the WAN 235, such as the Internet. The modem 221,
which may be internal or external, may be connected to the system bus 202 via the user input

30 interface 219, or other appropriate mechanism. In a networked environment, program
modules depicted relative to the computer 101, or portions thereof, may be stored in the
remote memory storage device. By way of example, and not limitation, Figure 2 illustrates

remote application programs 230 as residing on memory device 229. It will be appreciated
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The conputer 101 nmay operate in a networked or distributed environnment using
| ogi cal connections to one or nore renote conputers, such as a renote
conputer 228. The renote conputer 228 may be a personal conputer, a server
a router, a network PC, a peer 20 device or other common network node, and
typically includes many or all of the elenents described above relative to
the conmputer 101, although only a nenory storage device 229 has been
illustrat ' ' j cal ' ' ' Lgqure 2 _
el ade o b SR el Eoieed 5 o AP S enBAPRRTh BB ERLT B LY (0 o
but may aksmmunichiicis liakbetweeh elonompsfchuagsbe idbd. Wien used in a LAN networ ki ng
environnment, the conputer 101 is connected to the LAN 234 through a network

interface or agypt eEx&ﬁﬁlﬁrmem%ﬂlaﬁﬂnﬁn gt wor ki ng  environnent, the
conputer 101 t)ég;cally I ncl udes a nodem 221 or other neans for establishing

communi cat i ons Tbemethot eclissinn 2aspitaization data colkectedtfommelectrofiinchaspitedm 221,  whi ch
may be_internal. or extetnal.. be connected, o the sfem hus 202 via the
user i Apu %ﬁ“ﬁ“ﬁ?éﬁ%‘?&% Wi@nﬁgﬁﬁtﬂ r‘?aﬁap(i?&%%?q %P]@ tﬂ%]@ﬁéﬂfo THeohet wor ked
envi r onme gystend ROptARhadRAKBS aﬁ@ﬂisﬁéﬁﬂlgrd@{a%’taﬁfédtﬁbni Qﬁh&ﬂﬁ%&‘ﬁnﬁiﬂn&ﬁ&m or

portions thereof,” nmay be stored inthe renbte nenory storage device. By way

of exanpl eystemdHospital paientaaenams or Kidgit-Bransfr Dischargetdata canbrobieinap fofmomei on

prograns 230 as.residing.on. nenory device.229.. It will be reciated 10
Phat the AETREASEIRR Lo o) oRETan SRl TRS fap yon oo BB k&R 5Y

est abl i shigRibhRdatSABEE N A FlRDS sinliBK stRLYERMals N DafiR Uk 8k SaciBrdecitned. D.
Exenmplary NLM Cal cul ation Input Data The method relies on hospitalization

dat a d8| | &stldtgs pn arrprgoing pasisivsing espiura HIBAAronmitent rasthed; sThisrson-stangenddi ng

| abor at or ata cqllected from.the l.abo ry _informtion st em. and

phar macy §?tg§%]?a}?189° %“ﬁ‘&g %@%@%ﬁwﬁ%m%@mb a?%igﬂgﬁ&b%rtg &o%ulf)t}?gf‘ﬁﬁ§§n %r mat i on
system Hospi t BY wagbF efimfl€ AR@ fotQmifeieh ! colibagbey ofthsfollowie ddatdan 6an be
obtained fromone or nore electronic hospital information systens. This

dat a can Beedde &mmchaspitalizafian dag:heavy wei ght databases, in fiat files or

simlar stor agg Fgrfeg@ﬁﬁ&ﬁeﬁ%%ig%ﬁﬁ%ﬁﬁdrﬂ%ﬁg@@g client 10 facilities on

an ongoi ng basi’s” usi ng* a - conpl thod. This non-standard

data g&n be cl eaneda)aelicar Rpestd Naktbetini f or m dat a anenabl e t o popul ati on-w de
anal ysis. By way of exanple, and not limtation, conbinations of the
fol l owi ng data can Werdmisden €8¢ f or m hospi tal i zati on data:

¢) Transaction/ADT date
d) Transaction type / Event (A,D,T, pre-admit, etc.)
&) To Location (Ward) - admitted to, transferred to

20 f) From Location (Ward) - transferred from, discharged from
g) Site (facility) identifier, if applicable
2. For each and every microbiology and microbiology related test performed on the
patients within the hospital:
a) Facility Name / identifier
25 b) Patient Medical record number (MR#)
¢) Encounter Date (e.g., Admission)
d) Patient Location when specimen collected/resulted
€) Source/Type of Specimen (e.g., Sputum, Blood, Urine)
f) Date Specimen Collected
30 ' g) Test 1d/Name (e.g., ID & susceptibility, fungal culture, viral panel, C.,
difficile toxin)
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1. For each patient admt, discharge and transfer (ADT): 15 a) Medi cal
Record Nunber b) Adm ssion date c) Transaction/ ADT date d) Transaction type
/| Event (A, DT, pre-admt, etc.) e) To Location (Ward) - admtted to,
transferred to 20 f) From Location (Ward) - transferred from discharged
from g) Site (facility) identifier, if applicable 2. For each and every

m crobi ol ogy and microbiology related test perforned on the patients within

the hospital: a) Fagi{l] i i fi.el ti . j ecord
nunber (MR#) ) En&%ﬁ%&r%ﬁ D{lg‘%wc&i&%agéﬁlo%}nég? dﬁgﬁg%g{%@ﬁ ft'%(?lfov\hen
speci nen ahd presshesdiraaickéorgarigm)Sour ce/ Type of Specimen (e.g., Sputum Bl ood,
Uine) f) Date Specginen Collected 30 Teslt] | d/ Nane (e.g., ID &
susceptibility, fun@éﬁe%MPfheﬁé?-g-MQﬁT%éﬁeﬁr Bavergf¥i ci e toxin) 11 h)

| sol ate descri pti on:(d & ae L i ; e of evidence of
the presence of a )(%t%g%ué;%@a {c?ﬁ%e%t@n ﬁgltgﬁ%g&(ogg%gnkﬁ%Sﬂ@EST,

Ki rby-Bauer, EIA) jk) BedrpletedtRessit (if 4ppligedld, eah Reesistdnt dnitérbietiate; per organi sm
possible) 5 k) Interpreted Result, (if_applicable, e.g., Resistant,

| -nternediate, S uStepptiBlepepaptimigtoritcr obi al ) 3. For each pati ent
hospitalizatio ki8tiaHbs RENSEHk lL.cal Record Nunber b)
Admi ssi on dategigg%aﬁﬁh?@nq\?é? t?%%aqh%ne, os%r?ﬁ)Fﬂou ehg m nistered d)
Date/time di spensed E. NuyMMatiglRatordNumber

b) Admission date
10 ¢) Antimicrobial name, dose, route administered
d) Date/time dispensed

E. NIM Comjiutation
Values for the variables N, J, Y, K, X, Q, P, R, and S disclosed herein can be selected
by one of skill in the art considering such variables as the type of facility, type of patients,

15  type of diagnoses, type of infections, type of antimicrobial agents used, and other variables
recognized by one of skill in the art.

As seen in Figure 3, the first step in NIM computation is to compute for each patient
hospitalization the number of Specimens with Non-Duplicate Hospital Isolates (SNDHI) 302
from the hospital data received 301.

20 An “isolate” is a microorganism (bacteria, virus, fungus, yeast, parasite, protozoa) or
evidence of the presence of a microorganism (e.g. DNA, serology, histology, microscopy)
identified in the laboratory analysis of a specimen (patient fluid or tissue submitted for
laboratory analysis). A specimen can yield zero or more isolates.

The first step in SNDHI computation 302 is to eliminate duplicate isolates 302a. This

25  is done by segregating the first isolate of the same microorganism from the same patient
obtained during an N-day period of time (N =0}, N can be selected for example, from 1-150
dziys or 25-50 days (N can be 30 days), not limited 1o the present admission. For each
additional isolate of the same microorganism from the same patient obtained within N (N =0)
days of the first isolate, if the additional isolate is tested against one or more antimicrobial

30  drugs and has mterpreted antimicrobial susceptibility results that differ from the first isolate
on fewer than J (J =0), J can be, for example, selected from 1-20 or 1-10 (J can be 3), tested
drugs, the additional isolate is a duplicate. For each additional isolate of the same
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Values for the variables N, J, VY, K X, Q P, R and S disclosed herein can
be selected by one of skill in the art considering such variables as the
type of facility, type of patients, 15 type of diagnoses, type of
infections, type of antimcrobial agents used, and other variabl es

recogni zed by one of skill in the art. As seen in Figure 3, the first step
in NI-M conputation is to conpute for each patient hospitalization the

nunber of ' ' - [ iﬂd?c? ' L2322  from
t he hospi tgp’?%ég@ﬁ h&%@é@ggﬁ%ﬁ%&%ﬁ? |so%%2&d$°§%g%nﬁ§? oor ga%ﬁ}né%%
(bact eri a, obtaihedowitiit DO@NS20)dags bf the firshisdlate, ifpeoddditivanl ievlate ésniod essted agdindthe
presence of a m croorganism (Dgﬁg DNA, sergl ogy, histol ogy, m croscopy)
i dent i i ecPnytiFnierpieal dpgs theadgitignalisplate sgrduplicaliaci men (patient fluid or tissue
submitted for . i - i ' nor e :
i sol ates. The f#hﬁgﬁéog%lg@ilﬁgmlcﬁ%%%@? i?don gé:?ss?y dftgé ag?clzc%%érzlia@gh duplicate |
i sol at es 3paameil borgamidbtion sakeaidiatoe, asgoadafectad clinieal blates 302is Bywivay of t he sane
m croorgani smfromthe sane patient., .obtained during an N-day period of tine
(N>-0), wxe@ﬁleb@ds@Fﬁ@ﬂ%@ou,ésol%%#ﬁwtedr%mudfso days or 25-50 days (N
can be 30 days)jy nho L L€ t n:-adm SSi | tional
i sol ate of the lganeb%h%@%%ﬁ%%t?vse n%%?@%ﬁ%ﬁé%%%%%g %gl’ﬁjgeﬁr?%géﬁcggﬁgg a@mﬂ?%i n N (N
?0) days of the first.i%(_)I ate,. if the. additional isolate is tested against
one or more antim crABIEMEOILRIALYRERDE i nterpreted antim crobi al
susceptibilityztbesu%téﬁ? té&\lgt diff% fromthe %St isolate on fewer than J
(J >0, J can e, CrEHFPIICE1CS SOMEIPPECIGIArY sprgIgns:] - 10 (J can be 3),
tested drugs, the additional isolate is a duplicate. For each additional
i sol at® of t he 33ane CoagulasernsgatiyaStaphylobarsedkspeties, Bagillnp bpecien rCoanymebadtatiac at or
or indicators of the microorganisn) obtained within N (N ?0) days of the
first isolate, if tgechgdtind dihroids MoRted onby Méth bERE bLEqAE RbBSiory culture
antimcrobial drugs, the additional isolate is a duplicate. The second step
in SNDHI conput ati o&epﬁ.to elimnate isolates associated with 5 specinen
contam nation, survelll ance, and non-infected clinical states 302b. By way
cl ude;

of exanple, a no imtati.on,.Lsol ates elim nat.ed can -1

Coagul ase- nega’g'?ve ESPL%WF@%&WGMOF?WH¥@FW“§WI§B@BE @(ﬁ' ?’eaﬁhﬂjl%gndi da
species fromrespi r @by speci nens; 2) Aspergillus species from upper
respiratory specinmens; 10 3) Coagul ase-negative Staphyl ococcus speci es,
Baci | |11ds speci 63, Cbolatastohtainedifrom decubitus specimens;

6) Isolates obtained from a specimen that yields >Y (¥>>1), Y can be selected for

example, from 1-20 or 1-10 (Y can be 2), isolates;
7 Isolates from surveillance specimens, i.e. specimens collected when no
infection at the specimen source is suspected by a healthcare professional;
20 8) Isolates from bloodstream catheter tips that are not also obtained from blood
cultures;
9) Isolates from environmental specimens;

10)  Isolates from gynecology specimens, excluding surgical wounds;
11)  Isolates from dermatology specimens; and

25 12)  Urine isolates that yield fewer than 10,000 colonies/cc of urine.

The third step in SNDHI computation is to identify hospital isolates 302¢. A “hospital
isolate” can be an isolate obtained from a specimen collected from a patient during or after a
- hospitalization. A “hospital isolate” can be an isolate obtained from a specimen collected

30 from apatient after being in the hospital for X consecutive days/hours, where X > 0, and
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species, and diptheroids isolated only frombroth or liquid | aboratory
culture nedia; 4) Isolate results in which no m croorgani smspecies is
naned (e.g. yeast, mxed flora); 15 5) Isol ates obtai ned from decubitus
speci nens; 6) |solates obtained froma specinmen that yields >Y (Y>1), Y can
be selected for exanple, from1-20 or 1-10 (Y can be 2), isolates; 7)

| sol ates fromsurveill ance specinens, i.e. specinens collected when no

i nfecti on ldspidlQaf 0 RChEesy GFRdARRionSASHEPAETIQTatY can ARHLMAdiRe Bhiahessi onal ;
20 8) Isolates from bl codstream catheter tips that are not al so obtai ned

f r om bl oodfore@ispesinaen codlpcipd Foax apatieptgvhodies beanmiaspisalized petienbens or 1@re | sol at es
f : ' ' ical ds; | f
der ot ol oo SRR & ¥ HGurs BEGL S QnatiHebitn, JEUN X caltsclepBATDEY 1O

10, 000 col gaingt, H6maf-20kduicor deSot PO Bowgé 61ayE) FONBAM16 DetineHei 0K dafi bk O
i dentify hospital isolates 302c. A "hospital _isolate" can be an isolate

obt ai néd felssied, fopexsinmla fioa 1-80 oe 2P dayiheupsalorenempler Kvegn be 14daysr Ajthis

hospi tal i zggi.on. " hospi » 4350 : ' bt aj,ned..fragm a
speci men col lecatd%ﬁhﬁi"'?ﬁ%’?ﬁﬂ% 183@%&?5 %ﬁ@ﬁ%&%ﬁhﬁms g‘d’ﬁ% 65&1?%6& X
consecut i viltedlshihd dpetifrfen b §lcitied (e Kdspitdhtholale3 hospital day O is the day of
adm ssion. A "hospital isolate" can also be an isolate.obtained froma

speci nen col | edn & ugnstep pEYNRHI carpipiation, the sim af thespmpuier SdPIHHtcaRRe one or
nore ti ”ecglc‘ﬁiaftéais‘bﬁ days/ hours prior to specinen collection, (K >0 . X can
be sel ected, Tor ~exanple, from 1-20 hours or days or 1-10 hours or days.

For exmnpl e, XThaRreddd dtep i NAV chtipbtafied Rad esupuit©for exchifiakient hbsptlidatiof or 1- 20

days/ hours. For_ exanple, K can be 14 days. At this point, each "hospital
i sol ate" jAiphietc (@HizatonCajorip(AYRdmagers 3/DH i s given the collected date

of the specine ek ”w;@ NosRid,gl isolate. In the fourth step of
SNDI I'| conput aﬁ%ﬁ,@s’?ﬁﬁeﬁé%&o Re C%chtﬁg:t ed SNDHI's can be calcul ated 302d.
10 The second Steppl.ildenhifiMpisodpdfaniiaitrotdals dispamsaldeingalie mede ofat | ent

hospitalizati.o ntibiotic Uilization Criteria (AUC) markers 303.
P hospita?lzau%n 303a. ( )

15 Step 2. If the first episode of antibiotic dispensed occurred on hospital day
Q >=R (R>0) and that at least one additional antibiotic episode occurred on 2) each of the
next S (§>0) days or b) the day of discharge or c) the day of death, assign one AUC marker to
the hospitalization 303b and give if the daie of Q. R can be selected for example, from 1-20
or 1-10, and S can be selected for example, from 2-20 or 2-10 consecutive days. R can be
20  hospital day 3, and S can be 3.
The final step in NIM computation 304 is to compute for each admission the number
of NIM by one of the formulae below:
1) NIM =SNDHI
2) NIM=AUC

25
The NIM calculation formula selected can be selected by one of skill in the art

considering such variables as the type of facility, type of patients, types of diagnoses, type of
infections, types of antimicrobial agents used, and other variables recognized by one of skill
in the art. Formula selection can depend on a preliminary evaluation of SNDHI and AUC and
30  can be conditioned such that the selection of one formula for NIM calculation can depend on
the evaluation of the other formula. For example, the selection of formula 2, NIM = AUC,
can optionally depend on the preliminary evatuation of formula 1, NIM=SNDHI, and a
certain result (e.g. 0) for formula 1. Likewise, the selection of formmula 1, NIM = SNDHI, can
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AUC conputation conprises two steps: Step 1. Ildentify episodes of

antim crobials dispensed during the course of hospitalization 303a. 15 Step
2. If the first episode of antibiotic dispensed occurred on hospital day Q
>= R (R>0) and that at |east one additional antibiotic episode occurred on
a) each of the next S (S>0) days orb) the day of discharge or c) the day of
deat h, assign one AUC narker to the hospitalization 303b and give it the

dat e of Qogﬁ%lfaﬁsa d@f‘egﬂ%}b%é ith Ry e aRRtiGh of 612 2, 30 & AdCLOhd @&gtgﬁzgan be

sel ected for exanp 2-20 or 2-10 consecuti've days. R can
hospi tal desplt Ye.gar@), Srdthat the ABIC adeurréd within $tdaps/hoursfdbi SWPPIt ati on 304 is to

conpute for ea dm.ssion .t he nunber f . N M of. the fornul ae bel ow
Ty RM —SNOH 185 b F&‘_E]é% e %E%\%E&P%‘fg‘il‘%aﬁﬁ%ﬂ&?%?g’%@ﬁect ed can be
sel ect ed RyVPYR R hogial AdnkibsidiParil dan aR8BE uSkAIth Bekist HEPiINR ILAN RS Apbipe type
of facility, type of patients,  types of diagnoses, type of infections,

types 6f ahhospitelrashnizdd infpetions torwgdlatay dgencihs The finalA0IM sesulé canpisoedistd, one of
skill in the art. Formula sel e(ég on_can .depend on prelimnary eval uation

of SNDHI | &hEh SESHYR FeaHtTe Bppn gt IocfoniaH © PRAAGE ZRIEAT, of one
formul a f @bhihiVasalotahiven niedflud RRBGerhis droRak iihirltin) e @laber

formul a. ‘For exanple, "the Selection of fornula 2, , ~can optionally
depend on T &ldrresulirian ke ysashes lauegasurn obfindnoiaheffigiency. Nhe/NEMDe#ult camdllew certain

| t O f . Li ' . t.h | ectiion,qQf f. I , NIM =
oD ahokpiials i Bleief Telbth 36y SO e R RnRS L B opr Bhosi e vl o 2
NI'M = 10UCinfadtidng THE NIBI Rsulf &8 betsddto Feducdihe neRBer dTdbspiR adidire@fFabEbRAA W thin
P days/hours of a SNDHI. The final NIMresult can then be used for hospital

qual i ty bénidenatyiigrgriestable proxpsyibesakdavans daesing infictiemsnikioowsing mspitd staffal so be
used to assi St..hospit |oping a report 5 of hospital-acquired

I nfecti ongnﬁ%ﬁﬂgé%gtagﬁ@ygﬁé% ies. The final NNMresult can al so be used as
an obj ective NMERStafeofNIMY a6fs€ Bl hdimigsiomawichih B Qodpethpdilded BEtHe@uBaCGE anong

many hospitals and to objectively neasure inprovenents or otherwi se within
a facilit ¢dmipgpnsintpat hosmjel oYenp EeR fifne parode. g, oag ver) eanthspemparedfo the nanci al

ef T ClyeNCYimeidfs dtbitef ﬁo%ﬂltﬁls,%"oi 3s &) ﬂrSWde an objective benchmarking measure of the

hospital-wide incidence of nosocomial infection across multiple facilities.

The profit/loss of patients with one or more NIMs can be compared to the profit/loss
of patients with no NIMs to measure the financial impact of hospital-acquired infections.
Patterns of NIMs may be used to indicate a patient care process breakdown that is likely to

20 cause nosocomial infections in the firture.

F. Examples
The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how the methods claimed herein are made and
evaluated, and are intended to be purely exemplary and are not intended to limit the
25  disclosure. Efforts have been made to ensure accuracy with respect to numbers (e.g.,
amounts, temperature, efc.), but some errors and deviations should be accounted for. Unless
indicated otherwise, parts are parts by weight, temperature is in °C or is at ambient

temperature, and pressure is at or near atmospheric.
30 1. Example 1~ Calculation of SNDHI

Using the following criteria: (i) as to duplicate isolates, segregating the first isolate of

the same microorganism from the same patient obtained during an N-day period of time
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“hospitals to predict length of stay and cost inplications associated with
hospital -acquired 10 infections. The NIMresult can be used to reduce the
nunber of hospital -acquired infections by identifying correctable process
br eakdowns causi ng infections, and focusing hospital staff on quality

i ssues as they energe. The rate of NIMs across all adm ssions within a
hospital divided by the nunber of adm ssions in that hospital over a given
time period (e.g., one year) can be conpared to the 15 sanme rate at other

hospital s,. $0 as. ide .an _objective benchmar ki neasur e, of e

hospi t al - \&ngl‘eﬁ—abg%ﬁ@yﬁ%nglg%%ﬁsélﬁ‘!e%nf‘g@ﬂ%{}ﬂg 3@?@8@6 fﬁﬁf#ﬁsﬁfﬂ%ﬂﬁeﬁ?ﬁ"ﬂ ties.
The profi tydpasimeR tollbaiel s a Phtidht 0L beihg e hdlpihl oAR dRfsceiRATagHhduss, t he
profit/loss of patients with no NIMs to neasure the financial 1|npact of

hospi t al - s Xeb days.codibospital dayd is dhardity of admivsiomdgrernse speaexapipiesdf cat e a
pati ent CW%@%?%PR; eakdown that is likely to 20 cause nosocom al

i nfection ure. F. Exanples The follow ng exanples are put forth
so as t50 provi ¢ DHaBeniie &f dinary skill in the art with a conplete

di scl osure and description of how the nethods claimed herein are nmade and
eval uated, and are P8Y@ndasitive sinepi- 6Pl exenpl ary and are not intended to
limt the 25 disclo ul ._I%Qo#ts have been made to ensure accuracy wth
respect to nunbers ?)e.g., R s, tenperature, etc.), but sone errors and
devi ations shoul d bpagecowCefrtor. Unless indicated otherwi se, parts are
parts by weight, tenperature is in Cor is at anmbient tenperature, and
pressure is at or nbay3atBastiyEdlead -S4 Exanpl e 1- Calcul ation of SNDFI |

Usi ng .tthe foll ow ng Wt eF A b ) sas duplicate isolates, segregating the
first 1itosol ate of tﬁgﬁéaﬁgsﬁﬁv&ﬁé%}dgwgﬁfrom t he sane patient obtained

during an N-day perDag50fNé Cakudd (Where N=30) and (ii) as to "hospital
isolates,"” considering only thaose isolates obtained from a specinen
collected froma pagﬁ Taf SHDHe| ng in the hospital for X consecutive
days/ hours, where X = 3 days, and hospital day O is the day of adm ssion,
here are sone exanples of SNDH calculation: 5 SNDBI Exanple A: Day O -
Positive UrineSNDHI BxatapleBlay 1- No Cul tures '

15 Day 0 — No Cultures
Day 1 — No Cultures
Day 2 — No Cultures
Day 10— Positive Blood — Coag-neg Staph
Day 14 — Positive Resp— Klebsiella & Pseudom.
20 RESULT: 2 SNDHIs

SNDHI Example C:
Day 0 — Positive Nasal - Influenza
, Day 1 —No Cultures
25 Day 2 - No Cultures
Day 8 — Positive Blood — MRSA
Day 9 — Positive Respiratory — MRSA
Day 11 — Positive Respiratory — Klebsiella
RESULT: 2 SNDHIs
30
2. Example 2 — Calculation of AUC
Using the following criteria: if antimicrobials were started on or after hospital day N,

where N=3 days and were given for a) at least 4 consecutive days or b) until discharge or ¢}
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Day 2 - No Cultures Day 3 -Positive Blood - MSSA 10 Day 4 - Positive Bl ood
- MSSA Day 5 -No Cultures RESULT: 1 SNDHI SNDH Exanple B: 15 Day O - No
Cultures Day 1 -No Cultures Day 2 - No Cultures Day 10 - Positive Bl ood -
Coag-neg Staph Day 14 - Positive Resp- Klebsiella & Pseudom 20 RESULT: 2
SNDHI s SNDHI Exanple C. Day O - Positive Nasal - Influenza Day | - No
Cultures 25 Day 2 - No Qultures Day 8 - Positive Blood - MRSA Day 9 -

Positive Respiratory - SA 11 - . irato

RESULT: 2 %ﬁ%ﬁ?‘%@’f .‘A‘[@E}?{}?eg%z/th‘? ﬁ‘&%ft"cﬁgﬁ%lé‘{”%"gﬁe 1§§§ %’yﬁ’ﬁ“ ﬁ%é’?%ﬁ owi ng
criteria: gddlcudionim crobials were started on or after hospital day N, where
N=3 days and were given for a) at |east 4 consecutive days orb) until

di scharge or c¢) 16 death, assign one AUC marker to the hospitalization, the

followi ng are e AUC cal cul ation: AUC Exanple A: 5 Days O through
4: Azithronyci n‘&(gg\%‘n p%a‘?/ 4: Patient discharged RESULT: 0 AUC

5 Days 0 through 4 : Azithromycin given
Day 4 : Patient discharged
RESULT: 0 AUC
AUC Example B:
10 Days 0 through 4 : Azythromycin Zithromyacin prescribed given

Day 10 : Levofloxacinm given
Day 14 :— Patient discharged
RESULT: 0 AUC

15 AUC Example C:
Days 8 through 11 : Imipenum given
Day 11 :— Patient dies |
RESULT: 1 AUC

20 AUC Example D:
Days 8 through — 15 : Vancomycin given
Days 40 through 45 : Imipenem given
Day 50 — Patient discharged
RESULT: 1 AUC

23
3. Example 3 — Calculation of NIMs

NIM Example A: (Using NIM Formula 1)

Number of SNDHIs =2
Number of AUC=0

30 RESULT = 2 NIMs

NIM Example B: (Using NIM Formula 1)
Number of SNDHIs = 3

17



AUC Exanple B: 10 Days O through 4: Azythronycin Zithronyacin prescribed
Day 10 : Levofl oxacinm given Day 14 :- Patient discharged RESULT: O

gi ven

AUC 15 AUC Exanple C. Days 8 through 11 : Impenumgiven Day 11 r Patient

dies RESULT: 1 AUC 20 AUC Example D. Days 8 through-15 :

Vanconycin gi ven

Days 40 through 45 : I m penemgiven Day 50 - Patient discharged RESULT: 1
AUC 25 3. Exanple 3 - Calculation of NIMs N M Exanple A: (Using NI M

Forrmula 1) Nunber 1@ :2 Nunmber of AUC = 0O 30 RESULT = 2 NIMs NI M
Exanpl e B: (Using NI M For mul a Nunber of SNDHIs = 3 17 Nunber of AUC =1
RESULT = 3 NI Ms NI MRBSNT CN]MSUSl ng NI M Fornul a 2) 5 Nunber of SNDHIs =
Number of AUC =1 RESULT = 1 NNM N M Exanple D (Using NIM Formulas 2) 10
Nunber of SNDHI's = 0O
NIM Example C: (Using NIM Formula 2)
5 Number of SNDHIs = 2
Number of AUC =1
RESULT =1NIM
NIM Example D: (Using NIM Formulas 2)
10 Number of SNDHIs =0
Number of AUC=1
RESULT =1 NIM
NIM Example E: (Using NIM formula 1 or 2)
15 Number of SNDHIs = 0
| Number of AUC =0
RESULT = 0 NIMs
4. Example 4 —
20 Evanston Northwestern Healthcare (ENH) is a three hospital, university-affiliated
system comprised of two community hospitals and one tertiary-care referral hospital with
more than 41,000 combined inpatient admissions annually. Consecutive admissions to ENH
for December 1 through 3, 2003 (0=507) and April 26 through 29, 2004 (n=400) were
assessed for development of Nosocomial Infection (NI) within 30 days of admission by
25  comprehensive review of electronic medical records and by NIM analysis. The fwo time
periods were speéiﬁcally 'sélected to represent distinct parts of the calendar year.
Nosocomial infections were defined according to published CDC criteria. An
Intensive Care Unit (ICU)-associated NI was defined as an NI that develops on or after the
third day of an ICU stay or within 3 days of leaving an ICU. As in the Study on the Efficacy
30  of Nosocomial Infection Control (SENIC), the percentage of admissions with one or more NI

was defined as the infection percentage and the total NI to total admissions ratio x100 was
defined as the infection ratic (Haley et al., The SENIC Project. Study on the efficacy of

nosocomial infection control, 1980).
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Nunmber of AUC =1 RESULT = 1 NNM N M Exanple E: (UsingNIMfornula 1 or 2)

15 Nunmber of SNDHI's = O Number of AUC = 0 RESULT = 0 NIMs. 4. Exanple 4 20
Evanston Northwestern Healthcare (ENH) is a three hospital,
university-affiliated system conprised of two conmunity hospitals and one
tertiary-care referral hospital with nore than 41,000 conbi ned inpatient
adm ssi ons annual |l y. Consecutive adm' ssions to ENH for Decenber 1 through

3, 2003 (n=507) -4-9@2[ for

devel opnent of @g%ﬁ%ré OI&SG‘?’ Bl(eé%ctr\?\na%?%%%gb aya?éiﬁgﬁ S’é’%ﬁ#’g@?%ﬁméy 25
conpr ehensgliviizal @icraiol0gy aidaﬁfeBMs@lM+asaic1at@rsafoﬁtigyand niojechlabostiied iesils. The
two time periods were specifically selected to represent distinct parts of

t he cal end¥gre glegfronicafly & %deﬂnﬁdﬂ@@%'qsﬁﬁwﬁb?s@ faep ithedtNE dbsratiemsg t o

gg? : L\degs@mﬁdﬁsﬁ&ﬁdé@g ops ‘6n olrﬁpag%fceyﬂ%vagl %{)r%’ﬁ %ﬁ@%?é&éa %}}@%@ ay or

W thins3 deys: softhdt patvenbhoamérEithrovigh thahospitalSykiein o@ﬁldtblaeleﬁfﬂ:mecacy 30 of
Nosocom al Infection Control (SENIC), the percentage of .adm ssions with one

or nore NI was ARy dglingdas %mfl@&tsp@ﬁn%w&b ﬁpa@éuﬂwatetheﬁn%xsalatw 6 t ot al

adm ssi on é"%ﬁ] f tJ: al ., The
SEW Pr 0] ets‘?ts%@%{nu%y on the e |%ﬁ§gﬂeﬂ?06%§g%§éﬁ%caa ﬁ%eﬂo% co &Fm%e’ 1980) .
18 Al nedpuatain, wetnd)d A verduplivate isalakeacaﬁlbettherihﬁii dif&cigtmcﬁtmtmlbﬂﬂf&aﬁdmas all -

positive final cJinjcal m crobiaol og Eixgand i nfectious di sease-associ.at ed
serol ogy AWETORERABIETH M ARY SReRRPEDIIH Paﬂ%&t@@%ﬁ’%ﬁ?@éﬂsyﬁb’%ﬂ& ighe on a

dai |y for o5 gﬁfaxﬁsla{é%h%cfammdh alb1R 00 Ho8 Fobrd SRR o Plechithibter s

Addi ti onal e I npatient census was e t roni cal'l'y col
hours so thosyitabddyi eertwithou é Adags dfﬂmq:jighdmdinrge@(pdayatfommmrwomd d be

determned. A N de i n as a patient specinen h-a non-du |
hospi t al 'SE?FIHB?I@V mi’ &0 ﬂaESé% Wﬁn%}‘é‘i‘?"{gémélgéﬁ ‘%2%1?‘? OIBFP??H?@:}Sl"ah al ned
froma si %ﬁ%?@%ﬁf%f&&h%e?mm%e't%d gﬂ%ﬁm | Cat et ﬁémhé'iégiatecat €

i sol ate can be t first direct orindire
ni cr oor garfrosmth dagter speginsgmenn ive a non-duplidate qudst i ﬁmtntermeteﬂsuqmeﬁvhlmsesﬁﬁs days. A

non- du pI | ai%er on more than two annmlcroblals from the susceptibility results of the first isolate.

Otherwise, it can be a duplicate. Results likely associated with specimen contamination and
other non-infected clinical states were excluded before non-duplicate isolates were idéntiﬁcd.
Medical records review and N]M analysis were done by separate:invéstigators whose
ﬁndiligs remained undisclosed until aﬂ; possibie NI 1‘vagsre identified. Agréemeﬁt between the
20 two methods was considered deﬁnitive; Therefore, a possible NI identiﬁéd_ by both medical
records review and NIM analysis was considered a confirmed NI. Likewise, an admission
without a possible NI by medical records review and NIM analysis was considered negative
for NI. Discrepant cases were reviewed by two infectious disease (ID) physicifans whose
consensus decision was considered definitive. Expert chart review of discrepént possible NI
25  has precedent in the evaluation of NNIS criteria, and;expert epidemiologist-physician
identification of NI was the reference standard to which the SENIC chart review NI
identification methods were compared. Medical records review was performed by an ID
physician and two medical technologists with clinicai microbiology research expertise.
~ Another ID physician provided direction and oversight and participated in discrepancy
30  resolution. Each study admission had 0, 1, or more NIM, and 0, 1, or more NL
Times per admission for the corprehensive review of electronic medical records were
recorded during the review of the first admission set. All activities related to this study were
approved by the ENH Institutional Review Board.
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10 hospital isolate can be a non-duplicate isolate obtained froma specinen
collected on or after hospital day 3 or within 14 days of hospital

di scharge (30 days for surgical wound specinens). If tw isolates of the
same m croorgani smare obtained fromspecinmens collected wthin 30 days of
each other and both are tested against antimcrobial agents, then the
isolate fromthe |atter specinen can be a non-duplicate only if its
interpreted susceptibility results, 15 differ. _on nore ihan,tmo antim crobials

from the suscefonmrehepsive medicalyecards nggey idegtificd 43 possible MY 0 adaissions can be
a duplicat | \V 06| It | WI%% haAid and

ot her non-@ﬁ?@ﬁﬁ#%ﬁ%ﬁ?l ég'taZt’ @g@ﬁggﬂgﬁ)ﬁ@' betore nsggr@cupclg@gte

i sol at es vpeesible 8& M 47 hdmlissiddsd[P &l5.29,dR=056), and Eposaibit NI dften il 30sday pusts e done
by separate investigatars whose _ findj T%élrerrai ned undi scl osed until all

possi bl e Ndmjisio cptielit Lrmparisongf el pessiblo euH1edhy theoliva shstesice fsisd das

consi der edy; Lt ; ' | 40 lfl ( di cal
recor dg rceh\}élég%ﬁb%ﬁ%g' Wgﬁgﬂ%%ﬁg ‘?eswgg:mgg,ﬁa?ioggl?% 4agl Ig@ﬁ%ihra%gssﬁ# BfH;hé%’se, an
adm ssi on IRw §.8owére ddeptified. bTle: dxhsitiyityand ispevificity o r@dicalaveords @ndwNvdvt 6082 ysi s
was consi dered negat,i ve or N. . D screpant cases re reviewed, by two

i nfecti ousanﬁﬁé)e%@cw@))’- Eﬁewﬂm%ﬁ&%ﬂ@w&ﬂﬁﬁ@cﬁ? 91%6\%%0%%& der ed
definitiVegeg %,t chart review of discrepant possible NI 25 has precedent
in the evafgat lon " of NNIS criteria, and expert epideni ol ogi st-physician

i denti ficati onFodm M2 adisissibues with e KAE eorsicmamtaNEV tanalydis rientifieel 1SEikdble har t

review NI __identifi i gn t hods were cp . Medjc records,.evi ew was
per f or]ﬁ’ed IGW*’&?P"F@&%’E%@ &?gdPW%@F%e%ﬁéd’ﬁﬁgﬁ’@@taésww tinical
m crobi ol qgycrERa foR@nhtitA & allﬁ*:i‘géééﬁﬂe NR 1 Sstrb A0 indtépivh, d6she Bﬁﬁ%' on

and oversight "and participated 1 n discrepancy 30 resolution.” Each study
adni ssi on Ghuihady, tragt infactioms) edentifigd Gyaedical tecomls remdeve (shhsitivitnks, spenificiygii®si on

for the co h i ve i.ew I onj ¢, nedi,cal cords . e _recorded
dur i ng. ¢ ndp &y e eroplha riodhyRid SabSa ool LB priRel U Sar ed to this
study vere apna@¥Rd phpsdiive Fiillatdeibl WbipRaRin B8y E9ntRAds nd? HeRBRASAENSI Ve
nmedi cal records review identified 45 possible NI in 40 adm ssions

(i nf edBi ompraséceionragid]. S| Wyspitals, detected aftesel afGriNIria Hipati¢niRyuringgh@iwo sdyl anal ysi s
identified 60, possible NI in 47 admssions (IP =5.2% IR =6.6), and 6
possi bl e IHP“%qst er the 30-day post- adnission cut-off. Conparison of all
possible N i dN]!M'afnh@ﬁisGiﬁﬁd%@e&&ﬁe%nf@hﬂ%e@?ﬂ%ﬂ%}oﬂﬁ@hﬁ&ti@pﬂ'lﬁﬁEﬁH&ﬂ@'195-
After discrepancy resolution, a confirmed 49 N in 44 adm ssions (1P = 4.9%
| R = 5. 4) Glexndindifficild-wdociathd disuhen, 1 endometriiin) Sixefithdse hadnapgorrpboriating

records r %’i&r%%{oﬁeggr %atg.' %czmr of the six were from uncultured surgical wound infections (2

20  cesarean section delivery wounds, 1 breast biopsy vfound, and 1 post-operative abdominal
wound). One additional C. difficile-associated diarrhea was not detected due to a laboratory
information system reporting error and one bacteremﬁa could not be resolved by éxpert
review. Both were excluded from analysis. NIM analysis correctly detected four NI (1 C.
difficile-associated diarrhea, 1 bloodstream infection, 1 pneumonia, 1 uxmary iract infection)

25 in four admissions that were originally rmissed by méﬁical records review. NIM analysis also
identified 14 possible NI that were not NI on discrepancy resolution,

The mamual review of electronic medical rqct;rds required an average of 17 minutes
per aduission, or approximately 1.5 dedicated fu11~t1me employees per 10,000 yearly
admissions. NIM analysis required approximately 10'minutes of personnel time per week to

30  maintain and quality test the ongoing data trﬁnsfer mechanism, or approximately two hours
per 10,000 admissions. |
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and 1.0, respectively. The sensitivity and specificity of NIM analysis were

0.86 and 0.984, respectively. From 142 adm ssions with an | CU conponent,

Nl M anal ysis identified 13 possible 10 ICU associated NI and nedi cal

records review identified 11 possible | CU associated NI. D screpancy

resolution confirmed all 11 possible NI (1 bl oodstreaminfection, 4

pneunonias, 6 urinary tract infections) identified by nedical records

review (sensitivity 1.0, specificity 1.0) and 11 of 13 possible NI

i dentified by NF-MERENSESi s (sensitivity 1.0, specificity 0.986). Targeted

prospective surveil hance gy hes Rk babDI0HefBk iAo ial BFedRng By t he

standard 15 practice for nost U S. hospitals, detected a total of 6 Nl-in 6

patients during the tw ©Olmstgd Rpeed.odBIC MNfavtiem&batea sndidgphiet Epidenaologseven
confirmed NI (4 wound infect]jons, neu i a, d i di um

~di, ?cil e-associ ated di ar }Dﬁéﬁf{’%‘laﬁﬁé&%gf"r rrs?i?*?)u.sz g"ﬁbyéﬁaééié’ge‘gﬂéﬁb%

corrobgrating mcragbiol ggyndat & a1 kUnaRiontdteWabit RGIE TELme wbtured

surgi cal wound infections ?12 20 cesarepan section delivery wounds, 1 breast

bi opsy wound, and 1 post Tangeted Sumneilmhctoior PetectionmdiNbsocotriel Iafbdiidn. EE4 C.

difficile-associated di a%é(ﬂlea was not detected due to a | aboratory

i nformati on system repor g error and one bacterem a could not be resol ved

by expert  review BOUh MghaPKpboath hirhiHoRd ShdiinoNNMISNSYkR] et T eCt |y

detected four NI (1 C. docile-associated diarrhea, 1 ream i nf ecti on,
1 pneunonia, 1 urinary tPatSunrhay ficonjen@sy 1990fMuy 18@hissedoinee 1980 Anes e

originally mssed by nedical .yeco revi NI Manal ysis also identified 14
possi bi% NI that were nob’}ﬁcgﬁ”d@%e%a#@\%‘zresol ution. The manual review of
el ectroni ¢ medi cal ﬂ?corﬂﬁoﬁ?&%.rﬁd@uﬁ@%ﬁ@&%ﬂﬁsoé&ﬁmiﬁ?écﬁéns iRGfterAFR1 SSi ON,
or approximately 1.5 dedicated full-time enpl oyees per 10,000 yearly

adm ssi ons. N M anal ysi scareuuil paiibntspp theoetienabhasog@nial infestivmssugicillpeess onnel

mechani s or appr oxi mat BRYRE ATRGURD: Pl SR e S IR
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111(5): 47 . .CLAIM5 What is clained is: 5 1. A nethod for
anal yzi ng%é@ﬁ%ﬁ%‘%ﬁpﬁtal i zation data to determ ne a Nosocom al Infection

Marker (NIM, the nethod conprising: receiving froma dat abase
hospitalization data associated with at |east, one patient; , calculating from

the hodpitalizdti onAdasthod fis apalyaag pafenkhaspifaligaion datafo determging jaiNogeomial

hospi tal i ﬁﬁwh ;K@[ ; .cal culating fromthe hospitalization
data anti gﬁfé{;@%ﬁﬁ[ iTiza |bt§Ecr| oercPélB? ) markers; and determ ning the
nosocom al i nf egdelvinp feh Kk databide hdpitafigation dath apatiaRa twithed ek dtepatidnfe

cal cul ated SNDH_ and AUC markers. 15 2. The nethod of claim1l wherein the
step of cal cul &elrwgtingfeom hafispigalizatignadatathesumperof prasivaens withaoa-dwpligsia al
I sol ates ' : I'iﬁi!@ ' duplicate isolates; elimnating isolates
associ at eglg\glga{a%ﬁg%tee&%nen %%rg%s’nat lon; elimnating isolates associ ated
wi th sigrveil | arglenla@ty fedrh thatrispitdlizatiel datemiibntio atilkiation dfelia (AUC) mhfkeised
clinical states;

an

determining the nosocomial infection marker (NIM) for each patient, based upon the

calculated SNDHI and AUC markers.

15 2, The method of claim 1 wherein the step of calculating the number of
specimens with non-duplicate hospital isolates comprises;
eliminating duplicate isolates;
eliminating isolates associated with specimen contamination;
eliminating isolates associated with surveillance;
20 eliminating isolates associated with non-infected clinical states;
identifying hospital isolates;
calculating the number of specimens with non-duplicate hospital isolates for each
hospitalization; and
assigning one SNDHI marker to each SNDHI determined,

25
3. The method of claim 2 wherein the at least one isolate eliminated comprises,

coagulase-negative staphylococci from respiratory specimens, viridans group streptococci
from respiratory specimens, Candida species from respiratory specimens, Aspergillus species
from upper respiratory specimens, coagulase-negative Staphylococcus species, Bacillus

30  species, corynebacteria species, diptheroids isolated from broth or liquid laboratory culture
media, isolates in which no microorganism species is named, isolates obtained from decubitus
specimens, isolates obtained from species that grow over a predetermined number of distinct
microorganisms, isolates collected from surveillance specimens when no infection at the

species source is suspected, isolates from environmental specimens, isolates from gynecology
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identifying hospital isolates; calculating the nunber of specinmens with
non-duplicate hospital isolates for each hospitalization; and assigning one
SNDHI marker to each SNDI Il determned. 25 3. The nethod of claim2 wherein
the at | east one isolate elimnated conprises, coagul ase-negative

staphyl ococci fromrespiratory specinens, viridans group streptococci from
respiratory specinens, Candi da species fromrespiratory speci nens,
Aspergillus species fromupper respiratory speci nens, coagul ase-negative

St aphyl ococcus Baci || us_30. i corynebac | eci es
di pt her oi d e‘inglgﬁsg‘%%hl S v gss fslﬁ%ﬁq% gr% ﬁ%%?l&'iégﬂ : %ﬁ%’rﬁe&pwa ilates
i sol at es | thatwhdl€ Rewed tHlinCIOODO @RS PRGIRs |s nanmed, isol ates obtained from
decubi tus specinens, isolates obtained from species that grow over a
pr edet er mi ned nunber of distinct mcroorganisns, isolates collected from
survei | | ance speci mdis muteod of claimflevheran thetsteplod calsylatiigfor sashpetient s
suspecte %{{%t es fr.gm en .'.%ﬂ%r&rrertal speci nens, isol ates from gynecol ogy
U

22 spec gﬁh?lé’:gl PO ARGO0HP Higge

: : _ T8 TR 58t es from dermat ol ogy speci nens,
or urine isol atigstiffiR@patienCadnilstiRie dMtRicrbBiafiQfk s Bspakabdizmethe dbut8®f 4. The
met hod of claim1 vherein the step of calculating for each patient 5
hospi t al i Zwespitalizationg Bdbt i ¢ utilization criteria conprises: identifying

patient admts wher.e antjm.crobials re .di.spensed. .duting the. course of
ospi tal | zat | omgiioe SRA T e SioriiEoR J50s B! e PESicRSHEr on
identifi edyhen abhifidR6tixlk Nefe HArRA on\W @Rcrdiobpithl 84y0K] dSwofE siReb for it 18gkt XD OF
after hospital day N, and were given for at |east X, 10 consecutive days or

until Wi sceasegativerdageer untibdiseharge oy death avhareirpl s o humbsr of deysreater thead) adand
wherein X j nbe f s greater than 0. 5. The nethod of claim1l
wher ein t%ﬁe"sf?a'%g%?ng%’t% ?%?’Sn%e?e[%eﬁ%( ‘stence of a nosocom al infection
marker (NIIVI) for each patient conprises: 15 setting NIMequal to the
quantity of AUGS. 6ThdhRtHBatloTeRiRf wWHeliihd s %faetaﬂi?ﬁgsﬁeea%is@émdsf@rm ni ng

the existence of a nosocom al _infection marker (NIM Tor each patient
conpr i ses:nosespmialgnispiivnenarker (NGM) for eachepaticntycompriSiNDHI s .

15 setting NIM equal to the quantity of AUCs.

6. The method of claim 1 wherein the step of determining the existence of'a
nosocomial infection marker (NIM) for each patient comprises:
setting NIM equal to the quantity of SNDHIs.

20
7. The method of claim 1 wherein the patient hospitalization data are laboratory

data.

8. The method of claim 1 wherein the patient hospitalization data are pharmacy

25  ordering and dispensing data.

9. The method of claim 1 wherein the patient hospitalization data are patient

census data.

30 10.  The method of claim 1 wherein the patient hospitalization data are Admit-

Transfer-Discharge data.

11, The method of claim 1 fiwther comprising:
displaying results of NIM determination.
35
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20 7. The nethod of claim 1l wherein the patient hospitalization data are

| aboratory data. 8. The nethod of claim1l wherein the patient
hospitalization data are pharmacy 25 ordering and dispensing data. 9. The
met hod of claim 1 wherein the patient hospitalization data are patient
census data. 30 10. The nethod of claim1 wherein the patient
hospitalization data are Admt- Transfer-Di scharge data. 11. The nethod of

claim1l1 further.,conprising. displayi.ng,resul.ts. of. NLM.determ pation. .35 23
12" A system T4 and 3t ataeine HSR b SRl Ao Hetitg 4o EThEh NPrcRiiay
Nosocom allnfebiinedhd K@ik sidbMbomprinesy st em conpri sing: a dat abase for
storing patient hospitalization data; and a processor for performng the

steps of. 5 reedpatabarg forsionng prticuithespitalieation datj arwdt i on data associated with
at | east one at i enti'.fc%%l cul at i H%(gger onf_t he hospitalization data the nunber
of Speci mens WPPHRERE “Gap! Feate BY P4l Isolates (SNDHI) markers;

cal cul ating from t hechiRfp ficth h dafabRB hekpitaliAnbh Bt hisbeibdel Wwithak 1agt Cridngri @
(AUC) 10 nmarkers; determning the nosocom al infection marker (NIM for
each patient, basast upon the calculated SNDH and AUC markers. 13. The
system of claim 12 er el he .st.ep .of. cal I ng t he.gunber of. 5

speci nens with non- %‘F?hc%%mﬂ&G&OE%%EIF%?P%%'?%%IHWEFgggl?ec&??%vﬂ%lﬁ%é
duplicate isolates; d@ﬁcﬁe&ﬁsbﬂﬂﬁd&éﬁsmm;ﬁaﬂ&ﬁg ed with specinmen

contam nation; elimnating Isolates associated with surveillance;

el i m nating isol at egalemaing fare thadjospitalization dplaAndipictici ilizationsCrfess (AUC)

10 markers;

determining the nosocomial infection marker (NIM) for each patient, based
upon the calculated SNDHI and AUC markers.

13.  The system of claim 12 wherein the step of calculating the number of
15  specimens with non-duplicate hospital isolates comprises: '
eliminating duplicate isolates; |
sliminating isolates associated with spgchnen contamination;
eliminating isolates associated with sﬁeiﬂmce;
eliminating isolates associated with noﬁ-mfected clinical states;
20 identifying hospital isolates;
calculating the number of specimens with non-duplicate hospital isolates for each
hospitalization; and
assigriing one SNDHI marker to each SNDHI determined.

25 14,  The system of claim 13 wherein the at least one isolate eliminated comprises,
coagulase-negative staphylococci from respiratory specimens, viridans group streptococci
from respiratory specimens, Candida species from respiratory specimens, Aspergillus species
from upper respiratory specimens, coagulase-negativé Staphylococcus species, Bacillus
species, corynebacteria species, diptheroids isolated from broth or liquid laboratory culture

30  media, isolates in which no microorganism species is named, isolates obtained from decubitus

- specimens, isolates obtained from species that grow over a predetermined number of distinct
microorganisms, isolates collected from surveillance specimens when no infection at the

species source is suspected, isolates from environmental specimens, isolates from gynecology
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20 identifying hospital isolates; calculating the nunber of specinens wth
non-duplicate hospital isolates for each hospitalization; and assigning one
SNDHI marker to each SNDH determ ned. 25 14. The system of claim 13 wherein
the at | east one isolate elimnated conprises, coagul ase-negative

staphyl ococci fromrespiratory specinens, viridans group streptococci from
respiratory specinens, Candi da species fromrespiratory speci nens,

e R T e
di pt her oi Qﬁaﬂﬁtﬁﬁ‘ﬁémﬁegtﬂahqmﬁb%ﬁﬂ/d bitnd, | aboratory culture 30 nedia,

isolates in I C 0 m croorgani smspecies is naned, isolates obtained from
decubi tus specinens, isolates obtained from species that grow over a

predet er m ned nygrberThe kystirs bf claim 12rivhéreiantigasipsotialcubtha e sachopatiestt ed from
surveill ance specinmens when no infection at the species source is
suspectied, hospitalization antibigtie aiFabanERtcHR CUPREETens, | sol ates from gynecol ogy

or urine i sol ot Sifllph Ol MR ik 8 MRLACI R iR B 71

The syst erhogpitatization 4l wherein the step of calculating for each patient 5
hospitalization antibiotic utilization criteria conprises: identifying
patient admi ts AHSHES eAH P SW&O@WF@%F@%Eﬁ%H‘EQPWW“F fep wheit se of

hospi t al i TMCTaR WoleY : Lital | j identified in
the previ é@%ﬁg%}%%ﬁgﬁggé&%%%gg%@F@%@,@g%ﬁg&gﬁ JEc-)c’?%{ajfg%{gr)d’hospi tal day
N, andiowercensggcutive dags oramtil dashargé or Hoath evhsreim iV is/enuhalyes of daysipedater dian Olzad ge or
death wherein N_js a ngnber of days_ greater than 0 and wherein X is a
nunber of gﬂééﬂ%ﬁn ¢4 dags sregger hd.-syst em of clai m 12 wherein the step
of determ ning the existence of a nosocom al infection marker (NIM for

each patient cqupri . é% 200 - tQqLhe guant | AbCs. 17.
The system of gﬁgi m?‘ﬁ%s N eréﬁ%&wgz %%%%ﬁg%a%e&ogr f-n1 ng %qhéeé}}eﬁ%%cteec’#gz of a
nosocom alnoksthaddl imfectivamaker(NIN) fdretchaatbntpatpdsgs: conpri ses: setting NIM

equal to the quantity of SNDH s. 0
g 15 g setting equal to the quantlzty of AUCs.

D

17.  The system of claim 12 wherein the step of determining the existénce of a
nosocomial infection marker (NIM) for each patient comprises:
setting NIM equal to the quantity of SNDHIs.

20
18.  The system of claim 12 wherein the patient hospitalization data are laboratory

data.

19.  The system of claim 12 wherein the patient hospitalization data are pharmacy

25  ordering and dispensing data.

20.  The system of claim 12 wherein the patient hospitalization data are patient

census data.
30 21.  The system of claim 12 wherein the patient hospitalization data are
Admit-Transfer-Discharge data.

22.  The system of claim 12 further comprising:
an output device for displaying results of NIM determination.

35
23.  The system of claim 12 wherein the processor further performs the step of:

25



18. The system of claim 12 wherein the patient hospitalization data are

| aboratory data. 19. The systemof claim 12 wherein the patient
hospitalization data are pharmacy 25 ordering and di spensing data. 20. The
system of claim 12 wherein the patient hospitalization data are patient
census data. 30 21. The systemof claim 12 wherein the patient
hospitalization data are Admt-Transfer-Di scharge data. 22. The system of
claim12 furth | SLDgk . [ .splaying results of NIM
determ nati on. Sﬁ@ﬁéﬁggEﬂe%ﬁgeﬁ?tg9@%‘&%@%@ngﬁ‘ha§§uﬁﬂégﬁlc§£t he processor further
perfornms the step of: 25 outputting the results of NIMcalculation to an

out put device. 224. A daRipitét HlogRIKDEIOAIDt BapsHi%lzed PitfenBAPNARALRALH1
hospitalization data to de?lrerm' ne a Nosocom al” | nf ect?on Mar ker ( NM

wher ei n t Hetermaing a MNesogermia] defretisnddarker (NM) 5vhanein theccormpupss pfagram preduct fseps of .
recei vjf_ng f‘%ﬁn%fl dat abase hospitalization data associated with at | east one
patient: HROELICRTGHFISTPERE hospitali zati on data the number of specinens
wi th non-dupl i gatQinghamPh Hahbdss BbpltESzati NG dssbRiKE WSth a@%ﬁ%h@&éﬁ%ﬂt;f romthe
hospitalization data antibiotic uti]ization criteria (AUC) markers;, 10

det ermi ni ng t healewgfingdran theihgspatalivation date iee numbEenpt spseimens with api-daplicatsased

upon the akcul at e \UC mar kers. 25. The conputer program product
of claim Eﬁsp%f;?@ﬁ%ﬁ%g%%g?éca! culating for each patient _

hospi t al i zat i opaléd)ginRFoRe the PbsiERESAHIR Asta WhiillofOMilHEbN EitbRa QASO) hitkers;SO! at €s
15 conprises: elimnating duplicate isolates; elimnating isolates

associtat ed wi t Aetepraingthe noserosmsl Arfestion markeri(Mvih far sach pavicet; basedupnadhat ed
wth survg%é*&g&g%ﬂ@g@c’;&grﬁe&ol ates associated with non-infected
stat €s; i dentl

clinical yi'ng hospital isolates;

(€ Q)

25.  The computer program product of claim 24 wherein the step of calculating for
each patient hospitalization the number of specimens with non-duplicate hospital isblates
15  comprises: . |
eliminating duplicate isolates;
eliminating isolates associated with specimen contamination;
eliminating isolates associated with surveillance;
eliminating isolates associated with non-infected clinical states;
20 identifying hospital isolates;
calculating the number of specimens with non-duplicate hospital isolates for each
hospitalization; and
assigning one SNDHI marker to each SNDHI determined.

25 26.  The computer program product of claim 25 wherein the at least one isolate
eliminated comprises, coagulase—negativé staphylococci from respiratory specimens, viridans
group streptococei from respiratory specimens, Candida species fiom respiratory specimens,
Aspergillus species from upper respiratory specimens, coagulase-negative Staphylococeus
species, Bacillus species, corynebacteria species, diptheroids isolated from broth or liquid

30 laboratory culture media, isolates in which no microorganism species is named, isolates
obtained from decubitus specimens, isolates obtained from species that grow over a
predetermined number of distinct microorganisms, isolates collected from surveillance

specimens when no infection at the species source is suspected, isolates from environmental
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cal cul ating the nunber of specinmens with non-duplicate hospital isolates for
each hospitalization; and assigning one SNDH nmarker to each SNDH

determ ned. 25 26. The conputer program product of claim25 wherein the at

| east one isolate elimnated conprises, coagul ase-negative staphyl ococci
fromrespiratory specinens, viridans group streptococci fromrespiratory
speci nens, Candi da species fromrespiratory speci nens, Aspergillus species

from upper_respirator eci nens, coaqul ases ative.Sta l ococcus

Speci oo, HRETRIHR: Dt AT BRI ey Spepien S e eica! BoBBoR 8 B0t o 1 om
broth or |defuatelogd shrbRdm] GHuting WoldsahA§iblEfewesMha 1 €000 FolvilbPdt dTRrine,

m cr oor gani sm speci es i s naned, isolates obtained from decubitus specinens,
i sol ates obtained from species that grow over a predeterm ned nunber of

di stinct m crod@7ganiBhespmpstet progemauwbdust efedaifir 2dwianeiu ¢hed patinnidhospfabizdtiorns
when nqQ infecti.on.at the,specieg source is .suspected, isolates from

envi roﬁner?flﬁ 105%‘12@7@%%%@, aF@ﬂﬁ%@’r"Bﬁ’P&?ﬁeco! ogy specimens excl uding

sur gi cal mund%dedti%ﬁﬁé‘gﬁﬁnf ddatis WiRF Bt GeYiaBRAEE dfEBsedfuriil ot bpt es

that yield fewer than 10,000 colonies/cc of urine he Conput er program
product ofhospitelimatios; eitbr ei n t he patient hospitalization 5 antibiotic

tili ti iteri. I ti t . . L - ldentifyi i t admt
Wher e ant i i or GETERGE G SUG TR piel LEH T IFARY RETE b BRI GED DS | zat i on:
and assi gninBsiRsiald\Werd sl(?ar%ﬂ% o @6t Hodpital 8k 1A NunkiGeeRé '%{fvieﬁﬂ)riaf‘leééﬂx previous

step when antimcrobials were started on’or” after hospital day N, and were

gi ven or cansecwtinstdays ornmtit disehargetar death sxhsreiy N ima mimbkr of Aays gecater thae Stand
wherein N_i,s_a nmber of s qreater than 0 and wherein X is a nunber of
days gr eat“é}er?lﬁgisﬁm?‘g?r%%%?ﬁ%ﬂttﬁ?n rogram product of claim 24 wherein
t he existence of a nosocomal infection marker (NIM for each patient
determ ni ng steg CORREL&RHut Sty MAMLLAWR whcpeih B isenbd &y of ADCs.
29. The conputer program prgréﬁ%? of cl gi m 24 V\hevgee?en Fﬁe e%ﬁstenace of a
nosoconi alnosocheed] infactioarmkarker (NING) for eachgmitibnt dptatrivimirtg sthptcompirinésng st ep

conprises: setti.n | M equal, to the g ity of' SNDHI s. 20 30. The conputer
progr drh product*""&ﬁ‘é:l 'W@ﬁ°%@%‘%‘%‘ Yf’ﬂéﬁgtéti ent hospitalization

29.  The computer program product of claim 24 wherein the existence of a

nosocomial infection marker (NIM) for eaclilgpatient determining step comprises:
setting NIM equal to the quantity of SNDHIs.

20 .
30.  The computer program product of claim 24 wherein the patient hospitalization

data are 1aboratory data.

31.  The computer program product of claim 24 wherein the patient hospitalization

25  data are pharmacy ordering and dispensing data.

32.  The computer program product of claim 24 wherein the patient hospitalization

data are patient census data.

30 33.  The computer program product of claim 24 wherein the patient hospitalization
data are Admit-Transfer-Discharge data.
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data are | aboratory data. 31. The conputer program product of claim 24
wherein the patient hospitalization 25 data are pharmacy ordering and

di spensi ng data. 32. The conputer program product of claim 24 wherein the
patient hospitalization data are patient census data. 30 33. The conputer
program product of claim 24 wherein the patient hospitalization data are
Adm t - Transf er-Di scharge data. 27 34 The conputer program product of claim

24 wherein the conmpuyter progr am oded t rther erformthe
step of output ﬁlghg & COTERYF ;gog Wgﬁﬁ’fi%ﬁﬂ&%‘%ﬂ rf" JRHST 1%@8’\1?} ce. 5
35. A met gl eiéoddd 6 fuftBerPeptoirh @ldistdplof offpufling |t]§651‘é819£fs oPNIVEsAtchlation to
conprising: developing a marker identi fy| ng patients that are likely to

have an exnenwatideviggspital stay or ai+e likely to incur excessive variable
costs, wherein the marker is based on one or nore isolates obtained from

D ent and | dbor mAvmETor B s ciEE bt it o p Flat orpehensd RUSRISE | oq
patien an | or ize
patients; and 10 dehgfeliphidWmaikesReht BBy thaY Mfzﬁﬂw vEaPafibidey] ar
patient class is likely'to be proflggllrolgg 136 Tﬁage met aof claim 35,
wher ei n t fespitabgapér alelikély i ingurtenesssisie kaiablemobtsdekerein therhader mgaseéon ain

i sol ates from consi erathn %5 37. .The crgﬁt hod., of cl ai.m 36, wher Ln t he at

| east one °PEBT HPE Y ?‘Tﬁ obipiagd fomnspecimens oFa the patient;op antip $eocci

from respigivh @ thepasit r&a&mfoﬁﬁéﬁo%ég%raﬁ?e@tﬁhé&ﬁa%9%0@:&1&&3 ?ﬁﬁﬁtb* adory
speci nens,” Candi da species fromrespiratory speci nens, Asper | us species

from Liﬁper respl r at detormipingi wn@ga@mmﬂﬂwgapmulamnm pidikslydpeci es,
Baci | | us ) corynebacteria species, diptheroids isolated from brot h
or liquid F Bﬁy%ry culture media, isolates in which no m croorgani sm
species is named, isolates obtained from decubitus specinens, isolates

obt ai ned from ggeci ¢ge fnalod BF P Y5 widrdil &Q%&ﬁ%ﬁﬂé\%ﬁpﬁiﬁ?ﬁ@fnaﬂé‘a Fleflitnct

m croorgani sms, isolates collected from survel | | ance speci mens when no

i nfecti on ehmmatmgc@pamse}stesﬁumnﬂéersmapect ed, isolates from environnental
speci i sol ates from gynecol ogy 25 speci mens excl udi ng surgi cal wounds,

I sol at sfrom rmat.ol o ci me urine isol ate
g’? I?e m% 03 pf claim 965 wherem the at least one 1Isolate eliminated comprises,

coagulase-negative staphylococci from respiratory specimens, viridans group streptococci

from respiratory specimens, Candida species from respiratory specimens, Aspergillus species
from upper respiratory specimens, coagulase-negative Staphylococcus species, Bacillus

20  species, corynebacteria species, diptheroids isolated from broth or liquid laboratory culture
media, isolates in which no microorganism species is named, isolates obtained from decubitns
specimens, isolates obtained from species that grow over a predetermined number of distinct
microorganisms, isolates collected from surveillance specimens when no infection at the
species source is suspected, isolates from environmental specimens, isolates from gynecology

25  specimens excluding surgical wounds, isolates from dermatology specimens, or urine isolates

that yield fewer than 10,000 colonies/cc of urine.
38.  The method of claim 36, wherein duplicate isolates are eliminated.

30 39.  The method of claim 38, wherein duplicate isolates are isolates of the same
microorganisms collected from a patient during a predetermined period of time and, if said
isolates are tested against antimicrobial drugs, having antimicrobial susceptibly results

differing on fewer than a predetermined number of tested drugs.
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that yield fewer than 10,000 col onies/cc of urine. 38. The nethod of claim
36, wherein duplicate isolates are elimnated. 30 39. The nethod of claim
38, wherein duplicate isolates are isolates of the same m croorgani sns
collected froma patient during a predeterm ned period of tine and, if said
i sol ates are tested against antim crobial drugs, having antim crobi al
susceptibly results differing on fewer than a predeterm ned nunber of

tested drugs. 40, The t had of. cl,ai m 35, wherein the s .0f. devel opi ng
a marker incl u%(gs FB%WP&P@PE@%%SCW@SW n%‘gﬁeﬂé’%ﬂ%’ﬁﬂ) H’ﬁﬁ%@‘?g“ﬁ‘é@gﬁst al

i sol ates, idéﬁﬁ@ﬁigﬂngéiﬁeﬁ@hé@fg rioh-dugBotte Bfapital Rvdaeh, Fherchahé dRfet fsl ed
specimens. 5 41. The method of claim 38, wherein the step of developing a
mar ker f udevedaped baseg onghsidentifiedispreitneny- i sol at es associ ated with speci men
contam nation; identifying hospital isolates as those obtained from

speci ngns col lected fro aji.ents duyring.or, after hospitaljzation; 10

i dent ir?yi ng spéti medw%e ‘H%P&@%‘flﬁgl f%?#@ﬁ?“‘%%?&f@%’? ORI 3B ‘t"riatf’lﬁg?peci nmens
havi ng hogfhd@les:i sol ates for each hospitalization. 42. The nmethod of claim
35 wherein the step of devel oping the marker further conprises: 15

i dentifying pati entelininting ivdlateeasaonited with bpesimenventaminagioensed during t he

course of hospitalization; and .assigni one .AUC. t o each hospitaljzation
identified in the pﬂdﬁ@fwhgﬁpé‘ﬂl\ﬁﬁéﬁga ‘ﬁmg?erﬂ%%‘%%%ﬂ“?%&%e%@?% B or
after hospit al pAytsNukibe 8) affeh HospRER-afibi,en for at least X consecutive, days

or until discharge or death, whérein X is greater than 0. 29 Is
10 identifying specimens having the hospital isolates; and

counting specimens having hospital isolates for each hospitalization.

42,  The method of claim 35 wherein the step of developing the marker further
comprises; |
15 identifying patient admits where antimicrobials were dispensed during the course of
hospitalization; and
assigning one AUC to each hospitalization identified in the previous step when
antimicrobials were started on or after hospital day N (N>0) and were given for at least X
consecutive days or until discharge or death, wherein X is greater than 0.
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