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Sazetak

Antitijelo koje se u imunokemijskim metodama koristi kao reagens otkriva
ciljni analit (antigen). lako je nekovalentna veza izmedu analita i komplemen-
tarnog antitijela specifitha, moguce su lazno pozitivne ili negativne interfe-
rencije. Neke su interferencije sli¢ne interferencijama kod kemijskih analiza,
a neke su svojstvene samo imunokemijskim analizama. Na interferencije u
imunokemijskim metodama treba pomisliti ako se dobije neprihvatljiv rezul-
tat, ako postoji nelinearnost prilikom razrjedivanja, ako nema podudarnosti s
ostalim nalazima, odnosno klinickim podacima, ako se razlicitim imunokemij-
skim metodama dobiju znacajno razliciti rezultati odredivanja istog analita. U
ovom Ce radu biti opisane neke od mogucih interferencija: 1) krizna reaktiv-
nost s endogenim i egzogenim substancijama koje nemaju strukturu antiti-
jela; 2) krizna reaktivnost s endogenim i egzogenim supstancama koje imaju
strukturu antitijela; 3) prozonski ucinak — hook efekt; i 4) utjecaj matriksa.
Poznavanjem i prepoznavanjem interferencija u imunokemijskim analizama
mogu se izbje¢i moguce nezeljene posljedice: pogreske u dijagnozi, lijecenju
i pracenju uspjesnosti lijecenja, nepotrebna dodatna laboratorijska istraziva-
nja, nepotrebna terapija.

Kljucne rijeci: imunokemijske metode; interferencije; krizna reaktivnost;
prozonski ucinak
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Abstract

In the immunoassays, an antibody used as a reagent, detects an analyte (an-
tigen) of interest. Although the noncovalent bound between analyte and
complementary antibody is specific, false-positive and false-negative in-
terferences are possible. Some interferences are similar to those in chemical
analyses and some are typical only forimmunoassays. One should suspect in-
terferences in following cases: upon receiving an unacceptable result, if there
is non-linearity during dilution, if there is no agreement with other test re-
sults or clinical data, if different immunoassays in determination of the same
analyte provide significantly different results. This paper reviews some of the
possible interferences: 1) cross-reactivity with endogenous and exogenous
non antibody-structured substances; 2) cross-reactivity with endogenous
and exogenous antibody-structure substances; 3) the hook effect; and 4) the
matrix effect. By knowing and recognizing interferences in immunoassays,
one can avoid possible undesired consequences: diagnostic errors, treatme-
nt and monitoring of its efficacy, unnecessary additional laboratory testing,
unnecessary therapy.
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Uvod

Razvoj imunokemijskih metoda, osobito zadnjih tridese-
tak godina, revolucionalizirao je laboratorijsku medicinu.
Primjena novih biljega zavrine reakcije, novih oblika tes-
tova, automatizacija, ponovljivost, brzina izvodenja i dos-
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Introduction

The development of immunoassays has revolutionized
laboratory medicine, especially during the last 30 years.
The implementation of new endpoint tracers, new assay
formats, automatisation, reproducibility, duration time of

50



Dodig S.

Interferencije u imunokemijskim metodama

Dodig S.

tupnost analiza pridonijeli su da imunokemijske metode
postanu svakodnevna praksa. Osnovno svojstvo svih imu-
nokemijskih metoda - od imunoprecipitacijskih do biocip
metoda - jest da reagens, kojim se otkriva ili kvantitativ-
no odreduje ciljni analit (@antigen), sadrzi antitijelo. lako je
nekovalentna veza izmedu analita i komplementarnog
antitijela specificna, moguce su brojne interferencije (Sli-
ka 1.) koje uzrokuju dobivanje lazno povecanih (pozitiv-
na interferencija) (1-3) ili lazno smanjenih rezultata (nega-
tivna interferencija) (4,5). U svakodnevnom radu nuzno
je misliti na uvijek prisutne predvidljive i uvijek moguce
nepredvidljive i neprepoznatljive interferencije (6). Jedan
od najdrasti¢nijih primjera pogreske u medicinskoj prak-
si jest primjer lazno-pozitivnog nalaza humanog korion-
skog gonadotropina (hCG), opisan kod 22-godisnje Zene
koja je, zbog neprepoznate interferencija heterofilnih an-
titijela te stoga trajno lazno-pozitivog nalaza hCG, podvr-
gnuta nepotrebnim medicinskim zahvatima: kemoterapi-
ji, histerektomiji i segmentalnoj plu¢noj resekciji (7). Taj je
slu¢aj dobio pozornost javnih glasila (odsteta 16 milijuna
USD). Medutim, stru¢no-znanstvena publicistika opisuje
sli¢cne slucajeve (8,9).

Interferencije bi se mogle definirati kao ucinak tvari pri-
sutnih u analitickom sustavu koje uzrokuje promjenu iz-
mjerene vrijednosti u odnosu na pravu vrijednost (10).
Neke su interferencije svojstvene imunokemijskim me-
todama. Posebne preanaliticke i analiticke interferencije
utjeCu na klinicko vrednovanje imunokemijskih nalaza
u usporedbi s ostalim kemijskim analizama. Zbog osobi-
tih svojstava imunokemijskih metoda (krizna reaktivnost
antitijela, specifitnost, ogranicenja analiticke osjetljivosti,
utjecaj matriksa, itd.) moze do¢i do nesklada laboratorij-
skih nalaza.

Proizvodaci reagensa za imunokemijske analize duzni su
upozoriti na te interferencije, a neke su obi¢no naznacene
u uputama za izvodenje analitickog postupka. Interfe-
rencije koje ovise o analitu odnose se na interakciju tvari
prisutnih u bioloskom uzorku i jedne (1,11-16) ili vise kom-
ponenata iz reagensa (17,18). U¢inak interferencije obi¢no
ovisi o koncentraciji interferenta (12,19). Interferencije ko-
je ovise o analitu podrazumijevaju spojeve koji su struk-
turno sli¢ni analitu. Zbog toga ti spojevi reagiraju krizno
s antitijelom, ili ostalim proteinima u uzorku, primjerice
autoantitijelima prema analitu, heterofilnim antitijeli-
ma, humanim anti-animalnim antitijelima (12). Naj¢esc¢e
opisivane interferencije su one pri odredivanju hormo-
na (5,20-24), tumorskih biljega (25), lijekova i metabolita
(26,27), troponina (29-31), te pri seroloskim analizama (32-
33). Opisano je da antitijela prema analitu (autoantitijela)
uzrokuju interferencije za brojne analite, primjerice za ti-
roidne hormone (ukupne i slobodne oblike), tireoglobu-
lin, prolaktin (makroprolaktinemija moze imati kao pos-
lijedicu hiperprolaktinemiju, a da ne postoji bolesti hipo-
fize), testosteron, izulin (12). Antitiroidna autoantitijela su
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assay and availability of analyses have contributed for im-
munoassays to become everyday practice. The main cha-
racteristic of all immunoassays — from immunoprecipita-
tion to biochip assays - is that the reagent that discovers
or quantifies the target analyte (antigen) contains the an-
tibody. Despite the specificity of the noncovalent bond
between analyte and complementary antibody, nume-
rous interferences (Figure 1) are possible, and can cause
false increase (positive interference) (1-3) or false decrea-
se of measured result (negative interference) (4,5). In eve-
ry research, it is necessary to think about always present
predictable and always possible unpredictable and un-
recognizable interferences (6). One of the most drastic
examples of error in medical practice is the case of fal-
se positive chorionic gonadotropin (hCG) test result, des-
cribed with 22 year old women who underwent, due to
unrecognized interference of heterophilic antibodies fol-
lowed by permanent false positive hCG test result, unne-
cessary medical interventions: chemotherapy, hysterec-
tomy and segmental lungs resection (7). That case won a
lot of public attention (16 million USD damage was paid).
Moreover, scientific literature offers similar cases (8,9).

Interferences may be defined as the effect of substances
present in an analytical system which causes deviation
of the measured value from the true value (10). Some in-
terferences are typical for immunochemical methods (11)
The special pre-analytical and analytical interferences ha-
ve theirimpacts on the clinical evaluation of immunoche-
mical findings, compared to other chemistry methodo-
logies. Due to the specific features of the immunoassay
technique (cross-reactivity of the antibodies, specificity,
technology-dependent sensitivity limits, the matrix effe-
ct, etc.), which might cause misleading laboratory report.
Manufacturers of reagents for immunoassays are obliged
to warn against these interferences, and some of them
can usually be found in instructions for analytic procedu-
re. Analyte-dependent interferences relate to interaction
of substances present in biological sample and one (1,11-
16) or more reagent components (17,18). The interferen-
ce effect usually depends on concentration of interfering
substance (12,19). These analyte-dependent interferen-
ces include compounds that are structurally similar with
analyte. Therefore, they cross-react with the antibody or
other proteins in the sample, e.g. autoanalyte antibodies,
heterophile antibodies, human anti-animal antibodies or
rheumatoid factors (12). The most frequently described
interferences are the ones occurring during hormone
determination (5,20-24), tumor markers (25), drugs and
metabolites (26-28.), troponin (29-31) and during sero-
logical analyses (32,33). Autoanalyte antibodies (autoan-
tibodies) have been described to cause interferences for
a number of analytes, e.g. thyroid hormones (total and
free forms), thyroglobulin, prolactin (macroprolactinae-
mia can result in hyperprolactinaemia without pituitary
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nadena u bolesnika s Gravesovom bolesti, Hashimotovim
tireoiditisom, hipertireoidizmom nakon lijecenja, u boles-
nika s gusom, karcinomom ili ne-tireoidnim autoimunim
stanjima. Prisustvo reumatodnog faktora u serumu moze
uzrokovati lazno povecane koncentracije troponina, kao
i interferirati kod ispitivanja funkcije Stitnjace. Zbog ste-
rickog blokiranja reakcije analit-antitijelo, paraprotein
moze takoder interferirati u imunokemijskim analizama.
Na interferencije u imunokemijskim metodama treba po-
misliti ako se dobije neprihvatljiv rezultat, ako postoji ne-
linearnost prilikom razrjedivanja, ako nema podudarnosti
s ostalim nalazima, odnosno klinickim podacima, ako se
razlic¢itim imunokemijskim metodama dobiju znacajno
razliciti rezultati odredivanja istog analita. Nepoznavanje
i neprepoznavanje interferencija moze imati kao posljedi-
cu pogreske u dijagnozi, lije¢enju i pracenju uspjesnosti
lijecenja, nepotrebna dodatna laboratorijska istrazivanja,
nepotrebnu terapiju (kod lazno smanjene koncentracije
analita bolesnik se mozZe predozirati). Vecina je interfe-
rencija svojstvena svim oblicima imunokemijsih metoda
(Tablica 1.), a neke se interferencije odnose na pojedine
metode.

Interferirajuca antitijela mogu utjecati na sve vrste imu-
nokemijskih analiza, ali su naj¢es¢a u saturacijskim ana-
lizama. Razlog tome jest taj Sto saturacijske analize pod-
razumijevaju suvisak obaju antitijela (primarnog i obi-
liezenog). Njihova je koncentracija veca od uobicajene
koncentracije analita, pa se reakcija odvija vrlo brzo u
uvjetima velike analiticke osjetljivosti. Bilo koje antitijelo
iz seruma koje ima i neznatan afinitet prema primarnom
i obiljezenom antitijelu moze s njima stvarati mijerljivi
kompleks. Sva antitijela seruma koja su dovoljno velika da
mogu vezati istodobno dva antitijela iz reagensa, na kraju
daju mjerljivi signal. Jedan od cestih primjera interferena-
ta su idiotipska antitijela, primjerice reumatodini faktori
koji sadrze krizno reaktivne idiotope (25).

U ovom ce radu biti poblize opisane neke od mogucih
interferencija svojstvenih imunokemijskim metodama,
poglavito one koje bi klini¢ki biokemi¢ar morao pozna-
vati: 1) krizna reaktivnost s endogenim i egzogenim sup-
stancama koje nemaju strukturu antitijela; 2) krizna reak-

TaBLIcA 1. Interferencije kod pojedinih imunokemijskih metoda
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disease), testosterone, insulin (12). Antithyroid autoanti-
bodies have been found in patients with Graves’ disease,
Hashimoto's thyroiditis, hyperthyroidism after treatment,
goiter, carcinoma or non-thyroid autoimmune conditio-
ns. The presence of rheumatoid factors in serum can cau-
se falsely elevated values in troponin assays as well as in
thyroid function methods. Also, paraprotein can interfe-
re in immunoassay by sterical blocking analyte-antibody
reaction.

One should suspect interferences in immunoassays upon
receiving an unacceptable result, if there is non-linea-
rity during dilution, if there is no agreement with other
test results or clinical data, if different immunoassays in
determination of the same analyte provide significantly
different results. Unawareness and non-recognition of
interferences could lead to diagnostic errors, inadequa-
te treatment and monitoring of its efficacy, unnecessary
laboratory tests, unnecessary therapy (falsely low analyte
concentration can lead to patient overdose). Most of the
interferences are typical for all immunoassays (Table 1)
and some relate to single methods.

Interfering antibodies can affect all types of immunoc-
hemical analyses, but they are most frequently present
in saturating analyses. That is because in saturating ana-
lyses we have an excess of both antibodies (the capture
and the tracer one). Their concentration is higher than
the usual analyte concentration and the reaction occu-
rs very fast in conditions of high analytic sensitivity. Any
serum antibody having only slight affinity to the captu-
re and the tracer antibody can together with them create
a measurable complex. All serum antibodies big enough
to bind simultaneously two antibodies from the reagent
in the endpoint, provide a measurable signal. One of the
common examples of interfering substances are idioto-
pic antibodies, e.g. rheumatoid factors containing cross-
reactive idiotopes (25).

This paper gives a close review of some of the possible in-
terferences typical for immunoassays, especially of those
of greater importance for a clinical biochemist: 1) cross-
reactivity with endogenous and exogenous non antibo-
dy-structured substances; 2) cross-reactivity with endo-

TABLE 1. Interferences in particular immunoassays

Interference

Methods

Cross-reactivity

Prozone effect (hook efect)

Antibodies

All, but mostly competitive
Nephelometric, turbidimetric, saturating
Matrix All

All, but mostly saturating
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tivnost s endogenim i egzogenim supstancama koje ima-
ju strukturu antitijela; 3) prozonski u¢inak - hook efekt; i 4)
utjecaj matriksa.

Krizna reaktivnost s endogenim i
egzogenim supstancama koje nemaju
strukturu antitijela

Krizna je reaktivnost najcesca interferencija u imunoke-
miji, ali naj¢esce u kompetitivnim metodama. Radi se o
nespecifitnom utjecaju tvari u uzorku, koja je struktural-
no sli¢na analitu (ima jednake ili slicne epitope kao analit)
te nadmecde se za vezno mjesto na antitijelu (34). Stupanj
interferencije uzrokovane kriznom reaktivnoscu ovisi o tri
¢imbenika: specificnosti antitijela, obliku testa i pripremi
uzorka (35). Naj¢esci su primjeri prilikom odredivanja kon-
centracije hormona, lijekova, specificnog IgE prema aler-
genima. Hormoni TSH (tireotropin, engl. thyroid-stimulati-
ng hormone), LH (luteinizirajuc¢i hormon; engl. luteinizing
hormone), FSH (folikulo-stimulirajuc¢i hormon; engl. follic-
le-stimulating hormone) i hCG (humani korionski gonadot-
ropin; engl. human chorionic gonadotropin) imaju analo-
gan a-lanac, a B-lanac odreduje specificnost pojedinog
hormona - stoga treba odabrati metodu koja ¢e speci-
ficnim antitijelima moci prepoznati razlicite epitope (36).
Drugi je primjer steroidnih hormona, koji imaju jednaku
cikclopentanoperhidrofenantrensku strukturu (37,38). Na-
dalje, prostaticni specifi¢ni antigen (engl. prostate specific
antigen, PSA) - postoji u nekoliko oblika [ukupni PSA, slo-
bodni fPSA, prekursor proPSA, a u novije vrijeme i anti-
gen ranog rasta karcinoma prostate (engl. early prostate
cancer antigen, EPCA)], koji su uzrok kriznoj reaktivnosti i
nedovoljnoj to¢nosti (39). Krizna reaktivnost uzrokuje laz-
no povecane vrijednosti ispitivanog analita, ali, ovisno o
obliku testa, moZe uzrokovati i lazno smanjene vrijednos-
ti analita (Slika 1Ab.)

Kriznu reaktivnost moze prouzrociti metabolit ili prekur-
sor analita, primjerice konjugirani metaboliti kortizola pri
odredivanju kortizola u mokradi (38), ili istodobna prim-
jena lijekova sli¢ne strukture (triciklicki antidepresivi) (19).
Poznat je problem krizne reaktivnosti kod odredivanja vi-
tamina D (1,25-[OH],D,) zbog moguce pozitivne interfe-
rencije 25-OH D, (34). | u podrudju alergologije poznate
su interferencije (40) pri odredivanju specifi¢nih IgE pre-
ma alergenima kravljeg mlijeka (41), alergenima grinja
(42), plodovima mora (43), peluda i lateksa (44), epitela
zivotinja (45), alergena otrova opnokrilaca (46). Opisana
je takoder lazno povecana koncentracija IgE na alergene
peluda biljaka, zbog prisustva IgE prema ugljikohidratnim
determinantama monoglikozilirane alergenske molekule
(47,48). U tom slucaju osoba, unato¢ povecanoj koncen-
traciji IgE, nema simptoma alergijske bolesti. Razlog tome
je taj, Sto IgE antitijela prema ugljikohidratnim determi-
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genous and exogenous antibody-structured substances;
3) the hook effect; and 4) the matrix effect.

Cross-reactivity with endogenous and
exogenous non antibody-structured sub-
stances

Cross-reactivity is the most common interference in im-
munoassays, but mostly in competitive ones. It is non-
specific influence of substances in a sample that struc-
turally resembles analyte (carries similar or the same
epitopes like analyte) and competes for binding site on
antibody (34). The interference grade caused by cross-
reactivity depends on three factors: antibody specificity,
method and sample preparation (35). The most common
examples can be seen during determination of hormone
concentration, drugs, allergene-specific IgE. Hormones
TSH (thyroid-stimulating hormone), LH (luteinizing hor-
mone) and hCG (human chorionic gonadotropin) carry
analogue a-chain, and (3-chain determines the specificity
of the respective hormone - therefore, it is necessary to
choose an assay which would be able to recognise diffe-
rent epitopes by using specific antibodies (36). The seco-
nd example are steroid hormones, which have identical
cyclopentanoperhydrophenanthrene structure (37,38).
Furthermore, there is prostata specific antigen (PSA) whi-
ch exists in several forms (total, PSA; free, fPSA; precur-
sor, proPSA and newly also early prostate cancer antigen,
EPCA) and causes cross-reactivity and insufficient accura-
cy (39). Cross-reactivity causes falsely elevated concentra-
tion of analyte, but depending on the test method falsely
low values can also occur (Figure 1 Ab).

Cross-reactivity can be caused by metabolite or analyte
precursor, e.g. conjugated cortisol metabolites by deter-
mining the urine cortisol (38) or simultaneous application
of medications with similar molecular structure (tricyclic
antidepressants) (19). The problem of cross-reactivity by
vitamin D (1,25-[OH],D;) determination due to possib-
le positive interference of 25-OH Dj (34) is well known.
In the area of allergology one can also find interferences
(40) by determination of allergene-specific IgE to cow mi-
Ik (41), mite allergens (42), seafood (43), pollen and latex
(44), animal epithelium (45), hymenoptera sting venom
allergens (46). Falsely increased concentration of IgE to
pollen allergens due to presence of IgE to carbohydrate
determinant of the monoglycosylated allergenic molecu-
le have also been reported (47,48). In this case a person
despite increased IgE concentration shows no symptoms
of an allergic disease. The reason for that is that IgE anti-
bodies to carbohydrate determinants do not affect hista-
mine release from basophilic granulocytes or mast cells.
Cross-reactivity usually causes positive interference, but
in some assays negative interference is also possible. So,
for example in digoxin-determinating assay oleandrin
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SLIKA 1. Razlitite interferencije u imunokemijskim analizama: Aa
- analiza bez interferencije; Ab - krizna reaktivnost interferenta s vez-
nim antitijelom, rezultira lazno negativnim rezultatom; B - pozitivna in-
terferencija: a - nespecificno vezanje detektorskog antitijela na krutu
podlogu koja nije obloZena blokiraju¢im agensom; b - premostavanje
s heterofilnim antitijelima odnosno HAMA; C - negativna interferencija;
Ca - promjena stericke konformacije zbog vezanja interferiraju¢eg pro-
teina uz Fc fragment detektorskog antitijela; Cb - prikrivanje epitopa
proteinom iz uzorka

nantama ne utjecu na oslobadanje histamina iz bazofilnih
granulocita odnosno mastocita.

Krizna reaktivnost obi¢no uzrokuje pozitivhu interferen-
ciju, ali je u nekim testovima moguca i negativna interfe-
rencija. Tako npr. oleandrin (sr¢ani glikozid slican digok-
sinu) u testu odredivanja digoksina moze interferirati na
razli¢ite nacine (49). Pri smanjenim koncentracijama di-
goksina, oleandrin moze imati pozitivhu interferenciju, a
pri povecanim koncentracijama digoksina negativnu. U
eri transplantacije organa osobito je vazno znati da imu-
nokemijske metode za odredivanje koncentracije imu-
nosupresivnog lijeka ciklosporina A daju znacajno vecu
koncentraciju nego referentna metoda HPLC (49). Krizna
reaktivnost opisana je i u metodama za probiranje na
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blocking protein
for solid phase

analyte

interfering/cross
reacting substance

capture antibody

heterophilic antibody

labeled detector
antibody

> X < 0 O >

FIGURE 1. Different interferences in immunoassays: Aa - assay without
any interference; Ab - cross-reactivity of an interfering substance with
capture antibody, resulting with false negative result; B - positive inter-
ference: Ba - unspecific binding of labelled detector (tracer) antibody
to a not blocked solid phase; Bb - “bridge” binding by heterophilic an-
tibodies or HAMA, respectively; C - negative interference: Ca - change
of sterical conformation after binding of interfering protein to Fc frag-
ment of detector antibody Cb - masking of the epitope on analyte sur-
face by a protein of the sample.

(digoxin-like cardiac glycoside) can interfere in different
ways (49). By decreased digoxin concentrations, oleandrin
can have positive interference and by increased concen-
trations negative interference. In the time of organ tran-
splantations it is important to know that immunoassays
for determination of cyclosporine A concentration, an im-
munosuppressive drug give significantly higher concen-
tration than referent HPLC method (49). Cross-reactivity
has also been reported in methods for drug misuse scree-
ning (50, 51). Faster dissociation of an interfering substan-
ce than of an analyte during washing or separating free
from captured analyte during analysis can be the cause
for falsely low concentration of an analyte (52).
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zlouporabu lijekova (50,51). Uzrok lazno negativnim inter-
ferencijama moze biti brza disocijacija interferenta nego
analita pri ispiranju ili odvajanju slobodnog od vezanog
analita tijekom analize (52).

U kompetitivnim metodama odredivanja malih moleku-
la (lijekovi), oba antitijela, primarno (vezno) i obiljeZzeno
(detektorsko), vezu se istodobno uz analit. Kriznu je reak-
tivnost tesko predvidjeti, stoga moramo biti svjesni nje-
nog postojanja, pratiti stru¢no-znanstvenu literaturu i
odabirati specifi¢nije metode.

Krizna reaktivnost s endogenim i egzogenim
supstancama koje imaju strukturu antitijela

Na imunokemijsku reakciju mogu utjecati antitijela prisut-
na u bioloskom uzorku bolesnika ili antitijela reagensa
(13,53). Bioloski uzorak moze sadrzavati egzogena i endo-
gena antitijela. Endogena antitijela prisutna su u oko 40%
osoba (14), osobito onih koje su dobivale imunoterapiju
s monoklonalnim antitijelima (54). U skupinu egzogenih
antitijela ubrajaju se imunoloski lijekovi. Iz te se skupine
najvise opisuje interferencija nakon intravenske primje-
ne Fab fragmenta antidigoksinskih antitijela (Fab fragme-
nt usmjeren prema antigenskoj determinantni digoksina;
dobiva se iz antidigoksinskih antitijela proizvedenih u ov-
ci) (55,56). Mehanizam interferencije Fab fragmenta pod-
razumijeva razlic¢iti afinitet i specifi¢cnost primarnih antiti-
jela u pojedinim testovima. Opisana je interferencija gin-
senga (imunoreaktivna tvar sli¢na digoksinu) (57).

Dvije su vrste endogenih antitijela u serumu pacijenta. To
su heterofilna antitijela (prirodna antitijela i autoantitijela)
(58,59) i anti-animalna antitijela (engl. human anti-animal
antibodies, HAAAs) (23). lako se endogena antitijela raz-
likuju prema nekim svojstvima (60), interferiraju prema
jednakom mehanizmu u saturacijskim analizama - stvara-
ju komplekse istodobno i s primarnim i obiljezenim anti-
tijelima reagensa te ih premostavaju (Slika 1.). Heterofilna
antitijela su multispecifi¢na antitijela sintetizirana prema
slabo definiranim antigenima. Humana anti-animalna an-
titijela su antitijela velike avidnosti, a sintetiziraju se pre-
ma dobro definiranim antigenima (16).

Interferencija heterofilnih antitijela ve¢inom ima za pos-
lijedicu lazno povecane (Slika 1B.) rezultate (58,60-64),
iako su opisani i lazno smanjeni rezultati (31,55,65-67) u
slu¢ajevima kad interferirajuce antitijelo stvara kompleks
samo s jednim antitijelom iz reagensa. Pozitivna interfe-
rencija heterofilnih antitijela u sendvi¢ metodama nasta-
je zbog toga 3to heterofilna antitijela premostavaju pri-
marno i obiljezeno antitijelo (68). Negativna interferenci-
ja nastaje zbog vezanja heterofilnih antitijela izravno na
primarno antitijelo, $to onemogucuje vezanje analita. U
nekim imunokemijskim metodama (ELISA, luminomet-
rijske metode) reagensi sadrze Zivotinjske proteine (go-
vedi albumin i kazein) koji sluze za blokiranje reaktivnih

Interferences special to immunoassays

In competitive immunoassays of small molecules (drugs),
both, the capture (binding) and the tracer antibody (labe-
led detector), bind simultaneously to the analyte. Cross-
reactivity is hard to predict, therefore, we must be aware
of its existence, be up to date with scientific literature and
choose more specific methods.

Cross-reactivity with endogenous and exo-
genous antibody-structured substances

Immunoreaction can be influenced by antibodies pre-
sent in biological sample of a patient or antibodies from
the reagent (13,53). Biological sample can contain exoge-
nous and endogenous antibodies. Endogenous antibo-
dies are presented in about 40% of patients (14), especial-
ly in those who were on immunotherapy with monoclo-
nal antibodies (54). Immunological drugs belong to the
group of exogenous antibodies. From this group the mo-
st commonly reported interference is the one upon intra-
venously applied Fab fragment from antidigoxin antibo-
dies (Fab fragment is directed to antigen determinant of
digoxin; Fab fragment comes from antidigoxin antibody
produced in sheep) (55,56). Interference mechanism of
the Fab fragment has different affinity and specificity of
capture antibodies in some assays. It has also been repor-
ted about interference of ginseng (digoxin-like immuno-
reactive component) (57).

There are two types of endogenous antibodies in pa-
tients’ serum. Heterophilic antibodies (natural antibodies
and autoantibodies) (58,59) and anti-animal antibodies
(human anti-animal antibodies; HAAAs) (23). Although
endogenous antibodies differ in some characteristic (60)
they interfere according to identical mechanism in satu-
rating (sandwich) analyses — they simultaneously create
complexes with capture and tracer antibodies of the rea-
gent — they “bridge” them (Figure 1). Heterophilic anti-
bodies are multi-specific antibodies synthesised to very
poorly defined antigens. Human anti-animal antibodies
are antibodies of high avidity and are synthesised to well
defined antigens (16).

Heterophilic antibody interference has falsely elevated
(Figure 1B) results as a consequence (58,60-64), although
falsely low values (31,55,65-67) have been reported in ca-
ses when the interfering antibody creates a complex with
only one antibody from the reagent. Positive heterophilic
antibody interference in sandwich capture assays occu-
rs because heterophilic antibodies “bridge” the capture
and the tracer antibody (68). Negative interference oc-
curs due to binding of heterophilic antibodies directly to
the capture antibody what disables binding of analytes.
In some assays (ELISA, luminometric methods) reagents
contain animal proteins (bovine aloumin and casein) whi-
ch block reactive sites on microtiter plates or polystyrenic
micro substances. However, their interference ability can
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mjesta na mikrotitarskim plo¢icamaili polistirenskim mik-
rocesticama. Medutim, dvojaka je moguénost njihove in-
terferencije: mogu uzrokovati lazno povecane rezultate,
ali mogu izazvati i povecani pozadinski signal (engl. bac-
kground), ako se heterofilna antitijela izravno vezu na njih
(68). Heterofilna antitijela interferiraju i pri odredivanju ci-
tokina metodom ELISA (69), ¢ija je koncentracija u serumu
vrlo mala (66,70). Kako bi se izbjegao utjecaj heterofilnih
antitijela pri odredivanju koncentracije citokina, uzorku
se dodaje ne-imuni animalni serum (68). Moguce su in-
terferencije i u bolesnika s monoklonalnim gamapatijama
(69,71)i u bolesnika s prisutnim autoantitijelima (31,72).
Najpoznatija anti-animalna antitijela su humana an-
ti-misja antitijela (engl. human anti-mouse antibodies,
HAMA) (14,53,73,74). Misja monoklonalna antitijela sve
se viSe primjenjuju intravenski u dijagnosticke ili terapij-
ske svrhe u onkologiji (75), alergologiji (76), autoimunim
bolestima (77), a neki pacijenti prema njima sintetiziraju
HAMA. HAMA mogu interferirati s misjim monoklonalnim
antitijelima, ako su ona sastavni dio reagensa. Oko 10%
pacijenata ima heterofilna antitijela (12), a oko 40% osoba
koje su intravenski primile misja monoklonalna antitijela
sintetizirat ¢e HAMA. Pojavnost antianimalnih antitijela
veca je u bolesnika s manjkom IgA (39% ih ima anti-kozja,
a 18% ih ima HAMA), nego osoba s normalnom koncen-
tracijom IgA (22). Neke osobe mogu sintetizirati anti-ani-
malna antitijela nakon 3to su bile izloZzene ostalim Zivo-
tinjskim antigenima, primjerice u cjepivima dobivenim u
zecCevima ili kokosima, antizmijskim otrovom dobivenim
u konju, profesionalnim kontaktima s ku¢nim ljubimcima
i ostalim Zivotinjama epitela Zivotinja (45).

Reagensi za imunometrijske analize obi¢no sadrze se-
rum ili neki drugi blokirajuci agens, koji bi trebao smanjiti
nespecifi¢nu interferenciju (20,53,78-81). Ako se ocekuje
interferencija, korisno je imati dodatni blokirajuci agens
kojim bi se tretirali uzorci (78). Ne postoji univerzalni blo-
kirajuci agens za sve analite i za sve metode, nego se mo-
ra primijeniti onaj agens koji je nakon validacije pokazao
da najbolje reducira utjecaj heterofilnih antitijela za od-
redeni analit (53).

Prozonski ucinak (engl. hook effect)

Prozonski ucinak, u literaturi poznat i kao hook (engl.
hook, savijen, poput udice) efekt, temelji se na krivulji za-
sicenja antitijela antigenom (Slika 2.). Primarno, prozonski
ucinak ovisi o koncentraciji analita (34,82-85). Podrazumi-
jeva stanje njegova izrazitog suviska, koji zasiti sva vezna
mjesta na antitijelu (86-89). Ucinak nastaje uglavnom (ali
ne iskljucivo), u metodama kod kojih se sve tri sastavni-
ce (antigen, antitijelo, biljeg) inkubiraju istodobno (en-
gl. single step assay) (90). Prozonski uc¢inak ne postoji kod
kompetitivnih imunokemijskih analiza. To znaci da u reak-
ciji ostaje visak analita koji nije usao u sastav kompleksa

Biochemia Medica 2008;19(1):50-62

Interferences special to immunoassays

go in two directions: they can cause falsely increased re-
sults, but also induce increased background signal if the
heterophilic antibodies directly bind to them (68). Hete-
rophilic antibodies interfere also during cytokine deter-
mination by ELISA (69) whose serum concentration is very
low (66,70). Heterophilic antibody interference in cytoki-
ne determination can be reduced by adding normal no-
nimmune animal serum to the sample (68). Interferences
in patients with monoclonal gammopathies (69,71) are al-
so possible, as well as interferences in patients with pre-
sent autoantibodies (31,72).

The most common anti-animal antibodies are human an-
ti-mouse antibodies (HAMA) (14,53,73,74). Mouse monoc-
lonal antibodies are increasingly applied intravenously
in diagnostic or therapeutic purposes in oncology (75),
allergology (76), autoimmune diseases (77), and some
patients synthesise HAMA to them. HAMA can interfere
with mouse monoclonal antibodies if they are a compo-
nent of the reagent. Around 10% of patients carry hete-
rophilic antibodies (12) and around 40% patients who in-
travenously received mouse monoclonal antibodies will
synthesise HAMA. Prevalence of anti-animal antibodies
is higher in patients with IgA deficiency (39% carry an-
ti-goat antibodies and 18% carry HAMA) than in patien-
ts with normal IgA concentration (22). Some patients can
synthesise anti-animal antibodies after exposure to ot-
her animal antigens, e.g. in vaccine produced in rabbits
or chicken, in anti-snake venom produced in the horse, in
professional exposure to pets and other animals (45).
Reagents for saturating analyses usually contain serum
or some other blocking agent that should diminish the
non-specific interference (20,53,78-81). If interference is
expected, it is useful to have an additional blocking age-
nt to treat the samples (78). There is no universal blocking
agent for all analytes and all methods. The agent that af-
ter validation showed as the best for reducing the effect
of heterophilic antibodies for certain analyte must be ap-
plied (53).

The hook effect

The hook effect is based on the saturation curve of an-
tibody with antigen (Figure 2). Primarily, the hook effect
depends on analyte concentration (34,82-85). It implies
the presence of huge excess of analyte which saturates all
binding sites on antibody (86-89). The effect occurs mos-
tly (but not exclusively) in assays where all three compo-
nents (antigen, antibody and marker) incubate simulta-
neously (single step assay) (90). The hook effect does not
occur in competitive immunoassays. That means that in
reaction there is a surplus on analytes that did not penet-
rate to analyte-antibody complex compound. This results
in falsely decreased value of the measured analyte whi-
ch could even lie in the reference interval. The value of
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SLIKA 2. Prozonski ucinak - Izrazito povecana koli¢ina analita nad-
masuje vezni kapacitet primarnog antitijela. To rezultira neodgovara-
juce slabim signalom koji uzrokuje pogresno smanjen ili normalan re-
zultat ("hooked” result) u pacijenta kod kojeg postoji izrazito povecana
koncentracija analita u serumu.

analit-antitijelo. Posljedica jest lazno smanjena vrijednosti
ispitivanog analita, koja moze biti ¢ak unutar referentnih
intervala. Dobije se apsorpcija u post-zoni (silazna strana
krivulje) ¢ija je vrijednost jednaka vrijednosti apsorpci-
je u pre-/pro-zoni (uzlazna strana krivulje). U tom sluca-
ju, reakcijska krivulja ima zvonolik oblik (engl. bell-shaped
curve), odnosno savijena je poput udice (engl. hook) (34).
Neki automatski analizatori imaju sustav za prepoznava-
nje suviska analita uz istodobno razrjedivanje uzorka. Ve-
¢ina automatskih analizatora za podrugje klinicke kemije
samo upozorava na nelinearnu reakciju, $to je upozorenje
da je uzorak potrebno razrijediti. Proizvodaci reagensa za
imunoturbidimetrijska odredivanja smanijili su prozon-
ski uc¢inak uvodenjem lateks Cestica kao nosaca na koji-
ma se odvija reakcija izmedu analita (antigena) i antitijela.
Kod kompetitivnih metoda prozonski je uc¢inak otklonjen
postupkom ispiranja (suvremeni automatski analizato-
ri imaju programirano ispiranje) nakon reakcije analita s
primarnim antitijelom i dodavanja obiljezeng antitijela
(86-90). Proizvodaci reagensa smanjuju prozonski uc¢inak
povecanjem kolicine primarnog i obiljeZzeng antitijela od-
nosno smanjenjem koli¢ine uzorka potrebnog za analizu.
Prozonski ucinak cesta je pojava u svakodnevnom radu
u klinickim laboratorijima i nikako se ne smije zanemari-
ti. Postoji kod onih analita koji se u serumu mogu nadi u
izrazito Sirokom rasponu koncentracija, kao $to su prim-
jerice C-reaktivni protein (stostruko povecanje), antistrep-
tolizinska antitijela (deseterostruko povecanje), hormoni,

concentration

FIGURE 2. The hook effect - An excessive amount of analyte overwhel-
ms the binding capacity of the capture antibody. This results in an
inappropriately low signal that causes erroneous low or normal result
(“hooked” result) for a patient with an excessively elevated serum ana-
lyte concentration.

absorbance in the post-zone (down-side of the curve) is
identical with the absorbance value in the pre-/pro-zone
(up-side of the curve). In this case, the reaction curve is
bell-shaped (bell-shaped curve) or hooked (34). Some au-
tomated analysers have a system for recognizing excess
of an analyte while the sample is being simultaneously
diluting. The most automated analysers used in clinical
chemistry only warn about non-linear reaction what is
sufficient to see if the sample needs to be diluted. Ma-
nufacturers of reagents for immuno-turbidimetric deter-
minations have reduced the hook effect by introducing
latex particles as carriers on which the reaction between
analyte (antigen) and antibody takes place. In competi-
tive assays the hook effect was eliminated by introduci-
ng a wash step (this wash step is programmed in current
automated analysers) upon reaction of analyte with the
capture antibody and addition of the tracer antibody (86-
90). Reagents manufacturers reduce the hook effect by
increasing the quantity of the capture and the tracer an-
tibody and by reducing the quantity of samples required
for the analysis.

The hook effect is common phenomenon in everyday
work of a clinical laboratory and on no account should be
neglected. It exists by analytes present in serum in extre-
mely wide range of concentrations like C-reactive protein
(100-fold increase), antistaphylolysin antibodies (10-fo-
Id increase), hormones (at 6-fold concentration increa-
se) (hCQ), IgE (>1000-fold), ferritin (100-fold increase), tu-
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npr. hCG (kod 3esterostrukog povecanja koncentracije),
IgE (>1000 puta), feritin (stostruko povecanje), tumorski
biljezi (osobito CA 19-9, PSA) (34). Na odredivanje tumor-
skih biljega uglavnom utjeCe moguce veliko povecanje
koncentracije (>10.000 puta), koje postoji u bolesnika s
izrazitim tumorskim rastom. MozZe se pojaviti kod prve
obrade bolesnika. Grani¢na vrijednost, kod koje se gubi
linearnost turbidimetrijskih metoda, pomaknuta je pre-
ma vedim vrijednostima uvodenjem lateks Cestica kao
nosaca antitijela. Ako proizvodac reagensa nije naznacio
grani¢nu koncentraciju analita iznad koje se pojavlju-
je prozonski ucinak, medicinski biokemicar bi to morao
ispitati, te unijeti podatak u priru¢nik o kvaliteti rada la-
boratorija. Moguénost postojanja prozonskog ucinka ot-
kriva se odredivanjem uzorka s izrazito velikom koncen-
tracijom u nerazrijedenom uzorku i u razrjedenjima, 1:10
i 1:100 (34,91). Ako se u razrijedenim uzorcima dobije vedi
rezultat nego u nerazrijedenom uzorku, radi se o prozon-
skom ucinku. Potom slijedi odredivanje grani¢ne koncen-
tracije koja se moze pouzdano odrediti. Uzorak se mora
razrjedivati sve dok se rezultati dvaju razlicitih razrjedenja
podudaraju (uzimajuci u obzir faktor razrjedenja). Ako se
unaprijed ocekuje izrazito povecana vrijednost ispitiva-
nog analita koja ¢e dati lazno smanjenu vrijednost, mo-
gu se odmah pripremiti dva uzorka - nerazrijedeni i raz-
rijedeni.

Ucinak matriksa

Uzorak seruma, odnosno plazme, sloZzena je smjesa lipi-
da, proteina, ugljikohidrata, soli i vode. Zbroj interferen-
cija svih sastavnica u uzorku (osim analita), koje utje¢u na
mjerenje ciljnog analita, poznat je pod nazivom ,ucinak
matriksa” (92,93). Vecina sastavnica seruma, koje uzrokuju
tzv. u¢inak matriksa, imaju mali afinitet vezanja za analit ili
antitijelo. Obi¢no ta sastavnica maskira analit ili antitijelo,
zbog Cega izostaje reakcija vezanja analita s antitijelom.

Osim svih endogenih elemenata (94), koji uzrokuju inter-
individualnu (25) i intra-individualnu varijabilnost (95-97)
rezultata imunokemijskih analiza, pojam ucinka matriksa
mogao bi se prosiriti i na egzogene sastavnice, koje se od-
nose na utjecaj antikoagulansa pri uzorkovanju plazme
(98), odnosno na utjecaj aktivatora zgrusavanja krvi i se-
paratora pri uzorkovanju seruma. Heparinska terapija bo-
lesnika s akutnim infarktom miokarda utjece na rezultat
odredivanja troponina | (96). Heparin se zbog negativnog
naboja polianiona, veze s kationima troponina (96). Re-
zultat toga mogu biti konformacijske promjene molekule
troponinaili prikrivanje epitopa koji sudjeluju u imunoke-
mijskoj reakciji s antitijelima reagensa. Osim toga, heparin
se razlic¢itim afinitetom veze s pojedinim oblicima tropo-
nina, koji se mogu naci u krvi bolesnika u razli¢itim faza-
ma nakon infarkta miokarda (95). EDTA moze djelovati na
oslobadanje slobodnog cTnl iz kompleksa cTnl-troponin C
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mor markers (especially CA 19-9, PSA) (34). Tumor marker
determination is mostly influenced by possible huge con-
centration increase (>10,000 fold) that exists in patients
with extreme tumor growth. It can occur at the initial la-
boratory workup of the patient. The cut-off value, whe-
re the linearity of turbidimetric methods is lost, is shif-
ted towards higher values by introducing latex particles
as antibody carriers. If the reagent manufacturer has not
marked the cut-off analyte concentration above which
the hook effect occurs, medical biochemist should inves-
tigate this and record this data into the manual on work
quality of the laboratory. The possibility of the hook effe-
ct occurrence is discovered by determining sample with
exceptionally high concentration in nondiluted form and
in dilutions 1:10i 1:100 (34,91). If in diluted samples higher
values are measured than in nondiluted sample, we are
talking about the hook effect. The reliable determination
of cut-off concentration follows afterwards. The sample
must be diluted until the results of two different dilutio-
ns match (taking into consideration the dilution factor).
If extreme increased value of the measured analyte is
expected, two samples could be prepared - the nondilu-
ted and the diluted one.

The matrix effect

Serum or plasma sample is a complex compound of li-
pids, proteins, carbohydrates, salt and water. The sum of
interferences of all sample components (with exception
of analytes), which affect the target analyte to be mea-
sured is known as “the matrix effect” (92,93). The most
serum components that cause so called matrix effect ha-
ve low affinity of binding to an analyte or antibody. This
component disguises usually the analyte or the antibody
causing the absence of the binding reaction of analyte to
antibody.

Except of these endogenous elements (94), which cause
inter- (25) and intra-individual variability (95-97) of resul-
ts, the concept of the matrix effect could be widened to
exogenous components that relate to the impact of anti-
coagulant during plasma sampling (98) or the impact of
coagulation activator and separator during serum sam-
pling. Heparin therapy in patients with acute myocardial
infraction (AMI) affects the result of determination of tro-
ponin | concentration (96). Due to negative charge of po-
lyanions heparin binds with cations of troponin (96). This
can result either in conformational changes in troponin
molecule or in directly covering epitopes involved in the
immunoreaction with antibodies from the reagent. Besi-
des, heparin binds with different affinity to some tropo-
nin forms present in patient’s blood in different phases
after myocardial infraction (95). EDTA can act upon relea-
se of free cTnl from calcium ion dependent cTnl-tropo-
nin C complex (96) what causes falsely decrease of values

58



Dodig S.

Interferencije u imunokemijskim metodama

Dodig S.

ovisnog o ionima kalcija (96), 5to uzrokuje lazno smanjene
vrijednosti u metodama koje sadrze antitijela usmjerena
prema kompleksu troponina. lako postoje preporuke da
se sréani biljezi odreduju u plazmi, osobito u hitnoj sluz-
bi (99), za odredivanje troponina uzorak izbora jest serum
(moze biti uzorkovan s gelom ili bez gela u epruveti) ili
uzorak uzorkovan u epruvetu koja sadrzi trombin (s ili bez
gela) (95).

Gel koji sluzi kao separator seruma moze adsorbirati ana-
lit, Sto moze izazvati lazno smanjenu koncentraciju kod
odredivanja lijekova, primjerice antidepresiva, benzodia-
zepina (100). Pet do trideset % lijeka mozZe se adsorbirati
na gel, a ako uzorak stoji dulje vrijeme (24 h) adsorpcija
moze iznositi i do 40%. U slu¢aju da uzorak za analizu tre-
ba zamrznuti, serum se mora odvojiti u posebnu epruve-
tu (101). Cinjenica da na trzistu postoji vise vrsta epruveta
s gelom razli¢ite kakvoce, poti¢e na oprez pri njihovom
odabiru, odnosno ukazuje na potrebu njihove validacije
pri odredivanju pojedinih analita.

Uzrok varijabilnosti rezultata moze biti i u matriksu kalib-
ratora (102,103), odnosno kontrolnih uzoraka (20), jer
nemaju istovjetan matriks kao bioloski uzorak u kojem se
neki analit odreduje.

Zakljucak

Danas se imunokemijske analize ne primjenjuju samo u
specijalistickim laboratorijima, nego i u op¢im medicin-
sko-biokemijskim laboratorijima (104), a pogotovo u pri-
vatnim laboratorijima. Imunometrijskim metodama od-
reduju se hCG (105), hormoni stitnjace (20,106), sréani bi-
ljezi (29-31,107), tumorski biljezi (55,73,74,108,109) pa su
kod tih analita opisivane i interferencije heterofilnih an-
titijela. Pojavnost interferencija manja je u analizama koje
se primjenjuju dulje vrijeme (proizvodaci reagensa i ana-
lizatora su ih nastojali otkloniti), nego u analizama koje su
kratko u primjeni (110). Osobito treba obratiti pozornost
na imunokemijske metode uz krevet bolesnika kod ko-
jih je takoder opisana interferencija heterofilnih antitijela
(1171).

Poznavanje brojnih interferencija preduvjet je za njihovo
prepoznavanje. Njihovim prepoznavanjem mogu se iz-
bje¢i moguce nezZeljene posljedice vazne kako za boles-
nika (pogreske u dijagnozi, lije¢enje i pracenje uspjesnosti
lije¢enja, nepotrebna terapija) tako i za zdravstveni sustav
(nepotrebna dodatna istrazivanja).
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in methods containing antibodies, directed to troponin
complex. Despite the recommendations that heart mar-
kers should be determined in plasma, especially in emer-
gency department (99), the sample of choice for troponin
determination is serum, collected in tubes with or wit-
hout gel or in thrombin tubes with or without gel (95).
Gel used as serum separator can adsorb analyte what can
cause falsely low_concentration of drugs prescribing, e.g.
antidepressants, benzodiazepine (100). Five to thirty % of
the drugs can be adsorbed on gel and if the sample is ke-
pt for longer time (24h) adsorption can rise up to 40%. In
case the sample for analysis requires freezing, the serum
must be placed into a separate test tube (101). There are
several different types of test tubes with gel of differe-
nt quality available on the market today. Therefore, one
should be cautious in choosing them and the need for
their validation by determination of some analytes is ri-
sing.

The cause for result variability may be in the matrix of the
calibrator (102,103) or the control samples (17) due to the
fact that their matrix is not identical with the biological
sample in which some analyte is being determined.

Conclusion

Today, immunoassays are not applied only in specialist
laboratories but also in medical biochemical laborato-
ries (104) and especially in private laboratories. Saturati-
ng methods are used for determination of hCG (105), thy-
roid hormones (20,106), cardiac marker (29-31,107), tumor
markers (55,73,74,108,109) and in these analytes it has al-
so been reported about interferences of heterophilic an-
tibodies. Prevalence of interference is lower in analyses
used for longer period of time (manufacturers of reagen-
ts and analysers tended to eliminate them) than in those
which are in use for shorter period of time (110). Special
attention must be paid to assays with bedside measure-
ments where is also reported about interference of hete-
rophilic antibodies (111).

Knowledge of numerous interferences is a prerequisi-
te for their recognition which helps avoiding possib-
le undesirable consequences important for the patient
(diagnostic errors, treatment and monitoring of its effica-
cy, unnecessary therapy) and for the health care system
as well (unnecessary additional researches).
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