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2. lVhen ordering specific allcrgy tcsts, clinicians nay
dso request IgF tests tbat emproy difrcrent meth-
ods, rpagents, and rcporting formats, G.g,,.multi-
sllergen tests for aúopy and total kr octcrmina-
tions for both children and adults.

3. tvhile software packages may cist to contnot indi-
vidual instruments (robotic rampte processor
[RSPJ, gamma @unter, plate readir, cic.), there
may be no straigùdorward way of linkiqg tiesc tr,
gether without a considerable dcgrce oi coop"o_
tion from the various parties invorvcd. rhere is of-
ten littte software intcrfacing experiencc in labora-
tories, and the various combinations of cquipment
to crcate a system for allergy ùssti4g arc nuDerous.

4. Tube assays are difticutt to rutomate compretery
and economically; for exanple, tube uashing re_
quires powerful liquid delivery and suction mecha-
nisms that are both costry and large. such itcms of
equipment tend to s0and arone in nc rrboratory,
because their expense often neccssitates e far wider
use than for allergy tesring alone.

5. The variety of taboratory tcsting proccdures that
tnust be accommodated is wide, arising in ,nany
instances frop diffenng reguratioor go"-"roing tt L
funding of public in vitro ailctgv t"ttiqg from eoun-
try to sountry.

In light of these chanenges, trccnt roftware and
instrumentation devclopmenti, coupled with the avail-
ability of liquid-phase allergens (frrú nhgnosri, noA-
ucts corporation-Dpc) end miniaturization to fhe
microplate format have made the use of automation a
desirable reality_, nryvidiqg cfticient, ro*i*, rarge-
volryr9 lcsting for the alleryotogisr.

DPC has some five years'ciperience of urtomat-
TF 9. sample and alrergcn aistribution st"ges of the
AlasTATo Essay wirh a hsp. rhis has rcsutiea in the
development of specificaly conccivcd roftware and
ctate-of-the-art ha{ware fo,r prroccssrng ell etages of
tle_assay in its microplate format (AtaSfef Mile_
niao).
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Automation has been accepted in clinicat chemis-
try labonatorics for many y*t, where devices for de-livering liquid vorumes accuratery and precisely are
esscntial úools of the trade. More rccentty, automated
inmunoassay proccdures and deviccs ú 
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ability to mechanizc some or cven all of the ,t"p; have
bccome available.

- Alergy lsboratories, howevcr, face a number of
cSfleages not prescnted to other taboratories. some
of thc nain issues are as follows:
l. Thc number of potcntiar combinations of alrergens

rnd patient samples that may be rcquested for in
Yitno allergy Esring is slmosi timi1fusi, and cannot
T?etally bc prcdicrcd on a day-to-day basis. In ad_
dition, the selection and ptacrng of ailórgeo rog.nr,
has bccn a rlifficult step to automate when using
rolid-pbasc allcrgosorbent carriers

Gcncnl lrucr rffrcdng rupfc t 
"dtt"gBlood samples for in vitro alrergy tcstirqg wilr be
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scnt to laboratories of difrerent sizes which may be
cngeged in difrerent specialities. The specimens may
be sent directly from doctors' offrccs or clinics to ccn-
tralized laboratories where cconomies of scare will re-
ducg the cost per test. Alternatively, in vitro testing
performed in doctors' offrces and clinics may offer a
faster turnsround th* may offsct the rcduced cost of-
fercd by thc largcr laboratory. The sample pipetting
system must bc flcxible enough to cope with the vari-
ety of vials used and the volumes available to the lab
oratory.

Fatient samples nced to be identified to ensure
that thc correct one is pipctted and that the test results
corîBspond to those of the original viat. This can be
achieved by incorporatiry a barcode reader to cor-
rectly identify suitable labelled samples. The sample's
barcodc is read immediately before pipetting.

lmmunoe$eyr ol rrlcvancs to thc
elfcrgy hboratory

IgE tests; A wide variety of in vitro tests is avail-
able for testing patients with suspected allergic disor-
ders. Total IgE is used for an overall measurement,
allergen-specific IgE for measuring the antibodies to
individual allergens, and multiallergen IgE tests (e.g.,
a single test for grass, mite, and cat allergens) for IgE
antibodies against a grouping of either horizontar or
vertical allergens (/). Specific IgE assays are compli-
cated to pipette, àod the repofing of results for each
test is also difticult. More than 400 single allergens can
be tested, tnd each individual referral may request any
combination of these. The number of potential combi-
nations of samples and allergens makes spccific IgE
testing unique in the laboratory and necessitates the
use of automation for efricient, large-volume testing.
Thc other assays available to the clinician are more
user-friendly because only a single analyte is involved.

Allergy assays ane now available in a variety of
formats from different manufactuners. Thc allergen ne-
agents can be in either the solid phase or the liquid
phasc and the assays can be conducted in either mi-
croplates or tubes. A choice of different detection
methods such as radioactivity (RIA), colorimetry
(EIA), or fluorimetry (FEIA) is available. Each of
thcsc has a dircct bearfurg on the type of automation
that is economically viable. The evolution of miniatur-
ization uslqg microplates has reduced spacc require-
ments, while taking advantage of new developments in
microplatc instrumentation.

Other tests of interest ,o the allergy laboratory:
An analyte of growing importance to the allergologist
is cotinine as a marker for nicotine and its intake.
Studied have shown tltat gWo of sufferers of occupa-
tional allergies are smoken (Dr. C. McSharry, pcr-
sonal communications), and testirg for this metabolite
provides an objcctivc indication of smokiqg status and

intake. This is important because a subject's recall and
rcporting of smoking status are often inaccuratc and
unquantifiable.

Cotinine has become the preferred marker of both
smoking status and cigarettc smoke intake for both
smokers and nonsmoken. It is more scnsitive and spe-
cific than carboxyhemoglobin or thiocyanate as a
marter of smoking status, it can be measured reliably
at low concentrations, and its excretion appcars to be
unaffected by physiological changes in urinary pH (2).
A double antibody radioimmunoassay procedure is
available for this analyte as a liquid-phase competitive
essay (DFC Nicotine Metabolite) that can be used with
cither urine or scrum.

Xenuet opcrdlon
Manual processing of specific IgE testing is cum-

bersome. When using a tube format, the opcrator must
manually generate a worklist and labcl cach reaction
tube with both the sample and the allergen identity,
and pipette both the samples and the allergens into the
reaction tubes. After the incubation, washing, rcagent
addition, and reading steps, the operator must then
rcconcilc the result with the original test request. In
the smaller microplate format, labelling of specific ne-
action positions is difticult and the operator has to
pipette by row and column. The microplate docs, how-
ever, ofrer easier reagent addition, washing, incuba-
tion, and reading because all the wells in a strip can be
processed simultaneously. It is therefore a good for-
mat for automation.

tUhy rutomde?
A study comparing the manual versus automatcd

versions of DPtC's specific IgE tests was presented at
the 1993 Behring Symposium (J). The authors reportcd
a significant saving in technician time (Flg. l). Auto-
mated systems offer repeatability both in terms of pre-
cision and accuracy as well as in preparation timc. It is
the considerable reduction in preparation tin-e that
lcads to a more reproducible assay becausc any drift is
rcducdd to a minimum. Consequently, mone ùsts can
bc made in a single assay, and this in turn rcduccs the
avemge turnaround time of the laboratory. This allows
the operator to leave the instnrment and perform other
tasks. Thc automated system is integrated througù cf-
ficicnt software that transfers data through the system,
climinating the possibility of transcription erron. The
software deals with issues ranging bom domloading
test requests from a mninframe computer to printing
patient reports.

Sthst ero thr derlnbh brturrr ol en rflcryU
ptpttlry rptcm?

An ided system for allergy testing has many at-
tributes, not all of which ane cssential. It should be
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Manual AIaSTAT Tube (gS tests)
r l

Automated A|aSTAT Mitenia (SS Tests)
I

a rninimg6 of waste aod bc abre to add rcagcnts to
rcaction positions rapidly and preciscly. 

e

-- Ihesc requirements are complex and can be con_
trìoued most cfrectively with comp'tcr softwarc that
chould handle the data comn'nication bctwtn the
instnrnents to eliminatc trrnscription erron. icst re-quests for otber sssays shoutd be intcgrarod with the
data cvsn if they wene pcrformcd r"oi"uv. other as-
says that can bc perforncd on the eystem, cueh as
úotal IgF, rhould havc tbe tcst rcquests entcred on the
carne workshect. Intcrfa'ccs witb laboratory informa-
tion man.gcment systems (LIMS) enable t"rt,qrrrt,
to be downlosded frrom hosprtal computers. This in-
fq""iqn, coupted witb barcoded saripl. t nb"r, ,*
bgfn reducc operaror cror. Thc soft*à* shourd be
able to creatc a wide varicty of reports, mainrrin doc-
tor and lrboratory information, and allow for dara ar-
chivrng and retricval.

Whlt .yfbmr rrr rvrlhblc?

2) Rcagent addition
3) Incubation
1) Washing
5) Reading
6) Happy hours

Ffg. t Tincs ,tf lggerform an AIaSTAT tube assay (by,und) and an AIaSTAT'Uiir"ii iiloy (outo^oted) as a pto_portion of the tcchnician,s B-hour i;i.-A;;;àí;;rins ofmore than2 hours.is 
ltade ysing.îhe a*omarca syitim, andthe technicían's ,ime is reduceZ by about S Uiír. 

-'

I) Preparation

semi-Automated systems: The volume of tcstsperformed will dictate the degree of automation desir_
able for the alrergy taboratorv. scmi-a'tonated sys-
tcms cxist for the snrller laboratory whcre parts of the
assay are proccssed by instruments, but there is stillsome degree of manuar intervention. îhese systcmsgenerally use the microplate format to cnabrè rapid
transfer from one system component to another. c;om-puterized worklist generation, coupled with apipettingguide that uscs light affays to direct the tcchlician indispensing each a[ergen and pati"ot t""rpÈ to mi-croplate wens, herps to minimizc erors in assay sctupand pipetting. The microprates arìe then incubated, fildreagent addition is perforrred manualry, while washiqg
and reading steps are urtomated. Raw oata generated
by a rcader can then be proccsscd by ryri"r"*Rware
Bo as to produce patient and statistical-rcports.

The folloyng companies ofrer Ugnt_guiO-"d .Vr_
tems for distributs _samples and all-ergJo ,ogrot,
into microplarcs: DpC (trtil"oi" Microlít" í, Ikbi_
Pharmacia (Imm_unoCAp piperting guide 

-gé), 
*OSanofi (Allergy Microplat, igal.

The scmi-automatcd Drc system is ccnterpd onMAXsoft, a software package to control a number ofsmall instnrments in_the ancrgy lrboratory ior mi-croplate a'tomation. The Mirenia Microlit" rl, a pi-plttitu g,rde rhar uscs multicolored ttgh;rtrting di-odes (LED) to iluminate tbe nicropraté we[s in orderto indicate where 3o pipctte ompí. or aUeù*. ffr.Milenia MicroMix 4 is-a microptate shaker'ofrcring
consistent clectrronicalry 

"ootootiro 
rhr,kiog f* noomtcmperature incubations. The Milenia Mic;w"ru i, 

"ocxible microplue washer that can perform four washcycles on a gGwe[ ptate in epproximsrerit minutes.Ptatc-reading is accomprishcd by thc Milcnia t*lyu,which pesscs raw data to MA)Goft for data Jucuon

Gasy 1o 6giarrin and shoutd reduce operator eontactwith biohazardous materiars. The RSc fói prpctting
sample and allergen should perform nrcciscfliLO 

""_arratcly without carryover from one rpaction position
úo another. An opcn system approach is idear'for theallergy laboratory because of iis flexibitityioi"r*ing
assays in a wide variety of formats inctuding ,p""in.
IgE rcsting. To reducc drift and n'naround time, thissysFr should pro]r_d_e a rapid distribution of sampre
an{ allergcn' Thc Rsp sho.dd be abre ùo hand; pcdi-
uric hrbes without m4ior procedurar .n*gr 

", 
we[ asbarcodcd prinary tubes. r[icroprate pr*i*r, shoutdofre1 rcagenr additi91, sh-king' cm"i"oi i*iú, *orcadiqg. Reagent addition sysrcms sbourd op","É with
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aod rcporting. MA)Goft optimizcs the pipetting sc-
qucncc go that ramplcs are pipctted to mndom posi-
tiom in thc platc and allcryens atìe always pipcttcd into
vcrtically adjaccnt wells. This reduccs the time leken
to pipcttc allergpns ad thus increascs the number of
tcats a tcchnician can perform in a single assay.

Automatcd systems: By far thc biggcst savings in
hbor arc ofiered by thc Butomstcd systcms. MA)Goft,
with thc sanc uscr inùerfaac as the rcmi-automatcd
rystcm, can contnol tbc RSP (DFC MARK 5) and thc
microplate proccssor (MilcnialrlAx). After sample
rod allcrgcn pipctting has becn completed on thc
MARK 5, the technician need only move the mi-
croplatc to thc MilenialrlAX for automatcd shaking,
reagent addition, washing, and readiqg. Thc MARK 5
eliminates tbe possibility of incorrect sanplc and al-
lcryen corrbinations being pipetted and is optimized to
pipcttc tbc dlergens yery quickty. The Milenial{N(
oficrs reproduciblc timing for all the assay steps with-
out thc need for intervention. Such a system gives
results comparable to 6ssunlly pipetted assays (Fig.
2). This is an open system and can be uscd with all thc
diflerent micropla'te format assays in thc laboratory,
ngt only the specific IgE determinations.

MARK 5 features.'The MARK 5 is a higù-speed
four-probc RSP. Its 1.25-mL syringes and teflon-
coatcd probcs are able to offer high precision on all
four channels and good sccuracy. Some rccent carry-
oycr studies with etevatcd morphine samples have
dcmonstrated figrres lower than I in ld. The level-
ccnsing system employed is a conductive conccntric
proh that is able to handle most shapes and sizes of
sanple tube, including pediatric samples batched to-
gpthcr with adult oncs with no spccial rack require-
mcnts. Thc four channels are independently switched
and thcrefore can accomsrodatc wide difrerences in
scruD levels. The probes arc free-fall and maintain a
higb degree of safety in that they are unable to punc-
ture skin.

Sanplcs and calibrator distribution arìe optimizcd
for precision. Thc instrument first aspirates en airgap,
followed by ccnsing of the scrum surfacc using the
MARK 5 conductivc probet. SutEcient senrm for one
test is then aspiratcd plus a small excess volume Ooth
of which may h uscrdefined), and fo[owing a tip
wash, the patient volume is dispensed into thc reaction
position. For liquid allergen distribution, the instru-
ment is optimized for spcd. Thc MARK 5 aspirates
cnough allergen for scveral tcsts and rapidly dispcnscs
them to the reaction positions with a dcgree of preci-
sion suitable for this step in thc sssay (Tablc l). This
reduces assay drift, which in turn increascs tbe maxi-
mum number of tcsts that can bc practically run in onc
batch.

In addition, the MARK 5 can bc rcsdily config-
urcd, using a simple keypad, for standard assays in
batch mode, or a Windows@-bascd intcrfacc can prù
vide random access handling for routine assays.

MileniaMAx automated plate processor:
Dynatech Medical Pnoducts Ltd. (Guernsey) is the
orignat cquipment manufacturer of thc MilcniaIúAX
automated plate processor. The instrument manages
all the rcagent addition steps other than dlergen addi-
tion, and provides washing, shaking, high-spced sub
strate addition, and reading capability. Raw data are
rcturned to the software for data reduction and report-
ing. There is no necd for manual intervention, except
to transfer the plates to thc instrument after sample
and allergen pipetting. When under the control of
MAXsoft, the instrument is dedicued to allergy, but it
can also be used for a wide variety of other applicr
tions with a flexible Windows@-based software pack-
age (Dynatech).

The Milenial{N( offers a higùr-precision reagcnt
addition head and multiway hcads for rapid washiqg
and substrate addition. A pressurc system controls the
dispensing of reagent and washing liquid. Thc intcgrat
colorimetric microplate reader supports a kinetic rcad
pnocess for the color development cycle, aftcr uùich
the raw data are collected by MAXsoft for results rt-
porting.

MAXsoft offers flexible rcporting of results rs e
further step toward reducing laboratory time and cr-
rors in transcription. Rcports can bc generatcd in e
userdefinable manner for all thc tcsts pcrformcd on I

TABLE I Precision of rampfe encl allergcn dirpcng-
ing on the MARK 5 uring trecer. The Inctrumcnt we! oF
tlmized for maxlmum rpeed rathcr than precision.

Srnebf
r t25Ft

fnrrynr
úr0É

ta tl
Irerl tdr (l9ld)

ÍTry,. 2 Conclatíon of nanual and aatomated AIaSTAT
Milcnia. 8 sanplc'allergen combínatíons were pipetted
both narually arú uttonatícalty. The graph's equation is y
- 0.93x + 021.

Mean (counts pcr minute)
SD
cw6
n

16,4fiì
398

2.4
E8

Q,m
1,177

3.5
71
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pt{"$ rample. This also includes any total IgF tcsts,
end tbe tochnician can arso tlre in rcsurts Èoo, *yrdditbnal tcsl thar may not evà have bccn perrormea
in the 8E&e laboratory. rhe rcport can incrudc the
Tqgcsting clinician's na'oc and addrerr, ,uh"r thantbe laboratorics, ro that this informari;;L given
dircctly to patients without any transcriprion. MA)(--ft- ql also give statisticar r€ports on the q'antity of
gach allergen ordered and the results. This.io u, used
Tth for _enarysis and for optimizi"g ,h" tùlnx s',ppettrqg by ptacrng thc mosicommonly uscd allergens
rt thc start of the alergen rack on thc-instnrment.
- ID laryer laboratories, furthcr savings-in atten-dance timc and rpduction in tcchnician error can begained by thc usc of barcoded sample tubes, an inter-Ècc to a LIMS, and an instru'ent for reading bar-coded sample tubes. The technician does ooi *"0 toconcentrate on placing sample tubes in the correct lo

?trol foq nrncttiru by the IiARK j. The technician (a)
downloads the tcst rcquests from the LlMS,ojprace,
thc samples on tbe barcode reader, dri.g*r,ónrors,
aod standards on the MARK 5, (c) rt"rti the MARK 5
nrnejrtns samples and allergens, (d) puts reagents andwash solutions on the MireniaMAx, ano (e)-transfers
the plates ro thc Milenialr{AX. After rhe 

"ìov 
i, com-pleted, the rcduced data are uploaded to the ittus ro,

ccntralizcd reporting.
To our knowredge, none of the currentry available

fully sutomsted crosed systems offers 
"u*gy 

afnong
their range of assays (l). Kabi-pharmacia 

-ótrers 
ansutomated system that is integrated using the Master-

CAP software. Sampter and lgE_specìn. 
"li"rgrn9f: are dispensed into the mi.toit"te. rtre prare

tben has to be transferred to the AutocAp for reagenr
addition, incubation, and washing. The plai. i. tr,.n
rcad on a fluorimeter after a sccond prate transfer.
Results are availabre for printing patient repon, ano
archiving.

liquid-phasc ellergens rather rhnn rolid-phase tcch-
nigues enabtes a system to be srcated using only liquid
bandling eomponents beca'se all thc a[cúens can be
delivered using tbe rame systcm thar is ut"a to dclivcr
ramples. opcn systems ofrer the allergy laborarory the
opportunity to autonate parts of a 

-varicty 
of other

tcs!-t thar may not cvcn bc in microplde iormat, as
well as the allergen-specific IgF test. Àt pr"s"ot, these
attributes are besr satisfred by thc etasrer Milenia
cystem.

îhere is much soope for furthcr urtomation in the
rllergy laboratory. None of the rystcms currentry
available is fully automated becausc the operaror is
required to move micropla,tcs during thc assay pro
fss. Ihc systems curentty evailabie do, however,
free tbe tcchnician for a much Srcatcr time thnn when
usrng manual tcchniques. Barcoding of reagents and
ellergens woutd further reducc the fssibilitl or opcr-
ator_error, especidly in view of the potentinlly large
number of allergens in usc in the laboratory. computer
rcftware coutd bc further cnhanced to ncb witn oe
interpretation of results by being able to tù on rcst-
ing histories and any patient questionnaircs that may
have becn used.
- The past few years have saen rapid advances in

the autornation of the allergy lrboratàty, *c 
"[ 

tu,
advances in the assay format, the instnrmentation, and
the softwarìe are lcading toward a totally -tor"t"o
solution.
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Rcúcrunccs

Gonclurlon
Automation provides a method both for reducing

the average turnaround tirne to produce accurate re-
sults and for simplifying the process for technicians.
A! present, there- is no fully automated system capabre
of performing allergy tests, but combinations of cur-
rcntty availablc instruments, integrated with software,
ofrer systems that rcquire a minimum of opcraio, in-
tcrvention. Assays using the microprate fot .t 

"r.casicr to automate than the older túu"-u"r"o-Loy,
ead genenally rcquire less time to complete. The use of
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