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(PhD); Mahmoodi M,(PhD); Nategh R,(MD, PhD).

Introduction: It is essential for the management of the pregnant patients with a recent rash or in contact
with a rubelliform illness that differential diagnosis of primary rubella infection from reinfection could be
accomplished. The presence of rubella specific IgM has been taken in the past as a reliable indicator of
primary infection, but in some cases the presence of IgM can be due to other causes. In this study,
considering the fact that IgG avidity in primary rubella is much lower than in reinfection, the main objective
was to use a convenient serological method for rubella IgG Avidity assay.

Method: For this purpose 72 serum samples from measles negative exanthematous patients were investigated.
These samples were divided in two categories of A and B according to the serological markers (HI test results and
IgM detection) and also the age of patients, presence of low avidity IgG for group A and high avidity IgG for
group B was expected. An avidity IgG ELISA test was performed by elution method for each group using Radim
commercial kit and 6M urea (a mild protein denaturant) and avidity index was calculated.

Results: Using Splus sofiware CART method (classification and regression tree), the borderline achieved
for separation the high avidity IgG from low avidity one was 47.5% and using Roc curve in SPSS sofiware
specificity and sensitivity of the test were calculated.

Conclusion: The results show that, this method is suitable for differential diagnosis of primary rubella

infection from reinfection.
Keywords: Primary rubella infection, reinfection, IgG avidity.
Hakim 2005, 8(3),; 38-44.

E-mail: nazaninzahra@yahoo.co.uk  AASYYYY ;o wlid wgys Gise wubligy sdSiild o)l yas (Sibsy pole oSl 1 Jghume ol g5 =

pow o)Lo.J} (i 0593 AY ).ub


http://hakim.tums.ac.ir/article-1-297-en.html

[ Downloaded from hakim.tums.ac.ir on 2025-08-23 ]

Ol 5 (S 2k 8500 —————

:b_L’.S?:

idly o 5 o e la ) G115 oy b bl g5 b Ao S35 5lms 45T glalol SU 3590 3 (S ol A N
Coipde gl (gl ARSdS 43 3l oo gy Sime Cuigde G |y St e gl Ciipde ] et Coat] 5 g
o g gl Cipde I b LY IQM g AL Lol 0 a0 (SIS p g 3 e s ol 1M e ST 45
(il o sloms Cigie 45 O oo gl Gl oml adsl Cisie 518G gl &5 Caddm ol w0 s b gl ol g3 3yl
s a2 S s ks Olsiny A e oS IGG s i (6 Spls e iy S22l

lodipai s S AS] Wiy e S5 pou 45 3l (sl 3131 j1 U VY (panel) o e 46 s0mm0 Gy shite ol 40 )S 49
S (63ai FPIB 5 (i £0) A 03,8 55 55 AgM by 5 HI Ggail guli) SKjalspor slajlons 5 oo 55,5 i 5o b
s 2w BT g0 Yo k) LISG 520 B g8 sl 5 oml ks) L18G 3pzs A g8 sl 5 LS
Leand 0 kiS 0y 5ls) JY40 T o, 5 Radim (g lw oS/ esliza/ L IgG avidity assay (EIA format) (g4  slod/sas
ko] Gy oy 5] ST 5 A ple/Elution 35, b (ntis

o3 EV/O ol odogl syl 18G5 YU wdis) 515 18G o e 'CART s, b Splus S KaS gl
SVO 5 /AN i Jsoif pf (Sps 5 oo SPSS I o5 o Roc imie KaS 4 ules] o) o] St
o3 S oo

clio sudzes Cigie I dm g 4g) Cgde S5 gaciii oly Sy ool Abs e OLY m/";,‘,g@w Coly o i
bl o

I8G g cams ps suloeo G gle cams pw &gl O pis =C)l§j|9d§

2 ol 3 (il | ey ady) 1y cogie el | PPRVH

oy gy b 3] 0,8 5 LS Wl o Laid HI yg0]]
dmd e 3,8l S csgae ) ol cogae Lol sl
U el San dod o ddol Cigae jlam IgM Fuwl 8k
daome Cdsae 4l b (V) Sl cate Ll i didie
S \JW dlg s oyl )d &S Dgus Cuto 0)lgd IEM el yus
Sy dile wolaidlye |olse 1 yo dod w IgM 28
5l g oy 5103 )l (shngileg) sln S
Cygany (swang Hly Cogie b B g Jdgyi lageol
g SLS o b clialin 4 0,8 4SS kol s egMe

P s G)ben Gl @l 18 15 d o ylas
3lge 13 4 (Jb 3. (0) 1dlioe 389y (b sl L5 o,
A5l oMo ol jor sl S doxd s iz Cigie (D9Axe
2l L ailg e oy (2l oMo (25 093e (V9 7)

pow o)Lo..;": i 059 AY ).ul.:

N alg oo (gny slacigic jl Sy oaiS sbml Jalse
o yloal U i el old Jite g 4 cax ol
sbaols ) 5148 sl (alge 5l (o oy (g g g
coghe) jl ortess gl ) e (Jslole slez) o)k sl
todeo rgn 5035 yse i ol §) g5 e S 03] (4]
©pds d do s (g b 2o Cdgde Lologd (i 4
LS el dboo] s 50 Gl (S
s b pards sl olSudylej] 3 il Jls 5
g Sl iz 59y HI' (slacuns 436 p (asds
solasl TgM jgin lolis gl IeM EIA 5 calis o ol
e 9 Sl 9o 53 pdy e Pl o p iy 53 4 o
Coighe S92 olaS o 1EM (g i g HI (9051 )3 50l
2 Ol sdalie ©ygo 3 Lal 057, 1) doxd puo 4]
O3S oo 1M (39 Cuto g p o S 59y 3 (P2

'_ Classification and regression tree
2. Hemagglutination inhibition


http://hakim.tums.ac.ir/article-1-297-en.html

[ Downloaded from hakim.tums.ac.ir on 2025-08-23 ]

g ddlsl diluent (8L 1> oy 0,8 8.5, alsye =)
(V=18 )Y o A) (dilution bg))

pr) 53k 51 (3l pslome Iy gutitd Al ya y3 =Y
(Elution b)) 59 a8l g 3 4 )3 (51 L (Jlow
(N0 5V oY) 3yl i (LB 29y 2 b9y

Cogae 81l asi s Coenl 4 a5 imgdy oyl o
oS codds ool 4 dogi b g ol dome Cigis | a4yl
Coigie ) ol sl il siely 4yl cogie 318G Dy
o Sl Sigle e gy S opmlS bl e e
a8 )8 1o 0 Bus s 4 dod w wolad 186G ool

S Py

Wges ol

o) 0903l b &S s (oless 4 (Bl (slap o i
Aged Olyie A3 (e SE sl SN g 4 1eM
5 O Ja 3l o 39 Y B0 (Jgl Cagh oy 035 Sl
Syl ain 93 I jgy Ve g alolis ipgd Cug oy
IgM 3459 wyp Cas [EM-EIA 905 39y 00 48,5 gl
sokate & HI g0l 5 (St o bawgs) dod oo poliats]
plorl Ladiges (9) 1 4y 25 slaodly (51 (e b
5 15l Uog) 418G gl o (g3l plosl g
oy God sl iged oo 3l o (S 9 Cmls e
553 b eiman ooy 1EM 2929 ()0 9 HI (y90] a0
sla syl (pannel) pyw dcgese S ly8l w58
(€903 ¥+) A 09)5 93 13 (5 lon ol 0,93 Aiges) pg> Cugi
) Slasuie (18,5 Jlai 1 oS wd bl (450 YY) B
L 1gG B ogyS (sl 9 omls (gl L12G A 095 4l
g1 el )50 Yl (sl
omb (agl) A 098

3l 5l ke 2 g ol ez I L ooy i -

HI (905l )3 a0y ol
EIA (90]] 3 o0 1M (952 st =Y

HI (ygojl 3 205y golaisl (3l 3l e g ol =)

EIA (905l ) oy IEM (39 (ko =

——— VT OV | W20 ) [.{ CR-IR VP I ST Ly <>

9299k Cgie Alo it (B oljen o5 lacslen
() 295 ol

o S (ol s a9l Gl oSy Sl S
gl (o9 YL (45 e Cghs &y gy wile) 0355l
Sl 358 Slaedyy 2 ogdle (nl pli Sl (polaid] 186G
o Dome Cogie I dod p adgl Coghe Byl jasls
D9 oo dpiudny Aoy (ol IgG oyl

@l 515 05 B om Jlasl oy sloe 2 gl
D35 (oo iy yud

o3 Bl 5 o Vlgsie ool (Bl (S 5 o) Jlail (g9
Tl ]y o0, Shee il 5 ' il ) mla b o Viggio
(A) Ll o

U ol el Eob oy 5l B3k & gl el
33y S0 wguie T Joho 4y ditusly Jygagn gly JolSS ]
o 9 (V1) 55 G 3 e 1 g il g5k 353 5 (1)
i ol s 4 5 e 0y gl sianl (sles) Sloges
YL il b ool sl 00 095 B sla sl ol
() 245 o0 s liio

e L 5 5] dgaloe a5 ) o slol IgG
it oles codiS by aibie ool (gl Gl (el
A olo 93 U S5 290 a8 ygum (b o ]38l I8G sl
g (5n 3,55 53 5 39000 Sbl "YU sl L TG
12G 2y & i (ol 001 3525 5 (3l ploa b (il
A5 dalgs YU el sl

Mo 0058 0,500 Jolge 3,8 b Lgde 1 opudies
o3y L TgG ol Lo sly 1Y geil 10 1) Crai
isle coglate 0a S 05> Jolse 51 calisre clduios (o .l
oieslsS (V10 5 V-A) el Ul 3 (V=Y 5 Y) o)l
e lale Ly (V) Sblwsggnl o (850)) aiSs an
2ily o Jolse opl 3)lae do 5> .ol od o3litwl calies
Ble 05 51 b ool (3l Jlail @05 (00 (s &0 3
Jlal (g o pgo 3 b g Wgd o] uShiaS” JSi5
(V) i Sgm w55 Gupb il ook Bl g 0)F
(17) 2595 o e ol sl pdy €S g0

'~ Affinity

% _ Functional affinity
- Avidity

4 Low avidity

* . High avidity IgG

PS> gy Al


http://hakim.tums.ac.ir/article-1-297-en.html

[ Downloaded from hakim.tums.ac.ir on 2025-08-23 ]

<>

OLea g (Saiz il o))

)9 p9> Sy Sl dsged LB [V (bg) 4 oy [gM
Sl pgd Cugh oo 1M (92 Cuto |5 €85 518 ()
0099 b (denl s 3)95 52 )3 1M Gy 3929 (b (LS
Al oo (S aoxb p
Corgi 93 o sodised 592 186 (gl iow ge)]
P9> Crg pyw 318G (udag) &5 05 jasuls g 43 plog
93 5> 585 )8 5 1 Jg sl Jol cogi 5l 5VL (o8
@l o=l pl )l (Golss Jol Cogi ppw LB 9 A 095
8 eyl 3)90 Ladssas ped cugi 186 (guagl yioxin

IO
drop <52.49
drop £43.23 drop K 67.66
1 1 0 0

Ol SBaw gl LIBG (s 550 S CART (i) - lagas
bl g3 15 (53 095) Y S gl LIEG 5 (o 09 3)
aal 03 943 dacalas (100-AT) OD sl

L 0gy3 93 yb (slipyw (ly ool Cawsds gl WSl
aomis EB8)S )18 o g 4o 3)90 CART (g, Sl eoliz
BV e 5l ol 09y w5 L 4 595 OD il s> OY/)
el LIgG o YU (nel (s IgG o jye olain duo
oS5 a8 (63)lg0 (polusl el 2 ) lge5) 48 dsloxs (s
LIEG  lgie 4 39 1oy FVID (gsluws b iSsS il oyl
VIO 31 55 )5 ol gl Sl & (g3)lse 5 oy (g
Al i) s ) Yl gl b 18G lgis 4 09 oy

SLow 69,8 9o yo oudd sualiiie Juaa gf dewalio - Jgaa
sty 50 0l s High

. T

oud sudlie Sy gl

Egom - Sl 3580 (a9l
Yo o=l
£ | ¥ sl
o2l
Voo /0 av/d Lo
Yy \ \ 3ldas
Y
Voo 49/4 ¥/ Lo

McNemartest P=1  Kappa=0.944

pow o)Lo..;": i 059 AY ).ul.:

Y g Jlo WY o =Y

gl homi
IgG avidity assay (EIA format) -yso;l 558 09,35 93 59y,

s S slizal L

% 5,5l s Rubella IgG EIA, Radim (Italy, cat # k2RG)
S al> 93 dges ya gl 0 plool Elution igy 4 Ve
5 55 3 Jhal o oy 3 s ol ol g S
9 o5l gl e gt B L Sl (S ol
s9lome 4 dBd B Cis & 4l & g Cugl 90 > Diluent b (¢,500
plonl e’ Jodll 5103 Billas 5 Jgomo johar Jolye i 35

sl 0algd 1agli YO o Jpbo ) g S
Wb Al o I8G 2939 4ai 5l cut-off clius j aST sladiged
(Y 9V 90T 5 15) 13,5 dusloro (AD) | oyl uSwl

A= )4l Iy Sals OD * 3o
05l 2818 Sals OD

@ls 4325 9 s g,

1 09,5 93 yb (sladiges (clp AL g odel Cany dlac]
Aol ot wls uaugl LIgG ¢ YU sl LIgG oy
45905 VY ccut point ylg i odel Cawds 34e 4y a9 b juas
DB YL g 0wl (gl 18G 0g)S 93 55 aome (o) 3)90
o309l MC Nemar (yg05] lawgs SPSS 58l o5 y3 .08 8
2R lise 9 15,5 duslio A5 sdalie ass] b las) 5 e
Wb oy p 0903l Sy 9 Camlus ROC

sl

SE o 55 hles 42 Blalo s S VY 90210 50
Cnned 9 1gM EIA, HI (sljgajl ol Lawgs M3 &5 e
csodgl a5 5l ogr oad 0ol 41, BB g A 05,5 93 ;0 )3l
85 )18 (s 2590 18G
Sl HI ppsal )3 gl ol lis Jiosiy 4529 <l
ORI L ) 8 b5yl 3)90 adiges cugi 93 o (3L
oSl Sl g doxd p (g b g3l 3)08 Al (0L jle

ooy o Lel il 8 coste Sl 50 ool g lis

'~ Avidity index


http://hakim.tums.ac.ir/article-1-297-en.html

[ Downloaded from hakim.tums.ac.ir on 2025-08-23 ]

wobaBIgG (gl Gioxis o9eil I8 e 516 4,5
sioe cligie ) Ayl Cisis Bl awid (gl dox pus
Db 48 IS

e ) 1gG uasgl ol ox (il Sea g Inouje
3l oolil L g BIA gy b (bl 553g0d oy pr 45y g
2Ly Ve /0 g +/V ]IS g 50 pasleS a8 Behring ¢S
Ll Lis (Dilution y3g,) dgs 04 4l ol oy 028 345,
Sl s csiS U aos y ol 16 iyl &5
(V) b

oS 15 g total IgG a4l i Knotek g Enders
ey S me Cighs | doed s aJgl Cagas 31l s 1) o
53 3053,S o3kl ;Yoo A oygl L Elution ybg, ;I sl 253905
Ol sl LIEG plym ZY 5 (gl oSl adle
g s A S 1 5 YU sl L1gG lein 70+ (oYU
2 e IgG LIgG3 5 IgGl uisel fols a5 005 yasiio
Vo dgdn g (b Csae jl L Jol aan ¥-0 3 .ol bl
O 3 o 5 32l (o ol oyl gl Sl ey i
(V) adbm 5

oo w5 ol 186 gl ok (65500 adllas >
4 Yoo A ojgl adlllae (pl )3 canl o () 2 GguslionsSTy ]
— 035 =) oSS g 8,5 )15 odlizl 3,90 Elution g,
19l Vg0 A oyl L 4ids & o & Curgs duws pd (o0b 5l
oS48 (Ghgmo 3 gl Sl dslro Sl Gy 05
a8y 1 5 ol g LIEG lsin 05 AT 5 (el
L OogealinnSly Sl oy 18G oyl &8 03,5 pasde 9 43
il sy Sl olo £ 53 dox s 0 s g
Rl S & gl JleSh e @ ol Jy e
(V) wlogon (Bl YL gl L1gG coles > 9 Moo

oyglsa 2, Slae i)l San 4 Polanec 1A4¥ JLw
i Sl BIA oil )3 1) gy cibies (slaosisS
0993 99 oy QLA S (s 4 s 196G Gyl
A5le gy 0308 0,956 calises  Joloe Ly Elution ¢ Dilution
Gl lale 3 IS g Gl Sl 6 (V5o AL F) o))
89y = olate lapH g Laclale jd clluwe 5 calises
Ol 4 9 450,85 S5 gl p s g (pOOI) biglses (slap
Cghe | o s gl Cighe LS ) 45 W domd
4! oyous A8 o Joe Dilution Iy Elution yogy d4oxe

! - Individual

——— VT OV | W20 ) [.{ CR-IR VP I ST Ly @

IgG gl Camdg amlio b bL5)l > McNemar (405

I3 sime 391 Hlasi] )90 B g A 09,5 93 ;5 456l ¢ o samliie

590 [AFF L ply LS oo b o)) Sad lis0 9 (P=1) 250

by o el aoul b osdel oy gols oYL 38les &l o
() Jgia) 2dbee

1.00 j_‘

.75

.50

N}
3

Sensitivity

0.00
0.00 .25 .50 .75 1.00

1 - Specificity

29> 9 “ulun” ugas j330 ROC Hals - Jsid
Sause QLA 1)) — (5" S
(V JS5) ROC-curve (boy cigeil ol (S99 Comslu
OBpdn ©jgo )3 A0d)S pasuie 9 4b (ow)p SPSS
orbe 9 YU (gl (L 186G e S0 Glgin Lioy> TVID
il [AVD ] (She s /A gl ool Comlus

5 ROC-curve 3 G99y 93 2 e ol 4 (Y o)
A yoie doni Sy & CART

ROC Jiake ds Flaie Gilaalas —Y Jgaa

R il < 29
Ya/+¥ \ AY
FE/YY \ +/4Y0
Fo/vY AYA +/AY0
fo/av AYAY ALY
fV/0) AL +/4V0
b+/Y0 +/AYA +/4V0
OY/f AYEd AN
OY/F\ AYEd \
eI T)

Gge (ol 9,8 imad g 2ume Cigie )3 ol (g Y g


http://hakim.tums.ac.ir/article-1-297-en.html

[ Downloaded from hakim.tums.ac.ir on 2025-08-23 ]

<>

OLea g (Saiz il o))

A sloe Voo #) y5) S il § odlitl alllas oyl 3
9= Oglite (e 9,500 Clllas el &) s (Y50
adais gim ZEVID 5 10,8 el 00 odlizal (gl ¥] o
Dgus Ol oy

il o] (Glnslie Jd SPSS 158l o5 51 ooliel
S 0929 b g () J92) S o A5 > aol g ) 0
P 53500 510w 09,5 )3 K0) "ol (i dii 350 90
G mme AN s Ss s Ly b oy (high 095
Cand ) 2l Sed o ps 09 YU &Sl ousd 03,55 odaliie
Sb i |y b YU 3815 LIS

ROC curve 3l epil (S 5 ol byl sy
) JS.a) 25 oolizl

aS > o b (Y Jeds) Roc curve b s o cluslore
Sles gl ol (+/3V0) (S o (+1359) Copslu 0500
9= b 5 b @8l Jle lsin 203 ¥V/0 oS ol )13
Ol jloas ol e Cpgo 13 9258 4B i 3 byl
g s 4lS’ yge3] Comsluss b g (S

Rubella 15¥] ¢Sl eolaiwl o plovl iamg} b dogi b
Copa dd S allas bgy L ;¥Ye s F 0)gl o IgG Radim
Wl o caulin o o olaid 1gG gl it
plodl s clialics o Gl d asg b &Sl o
Spgmo 3 395 o Moy (3% Slllae (o) 9 g
Jolss s EIA (slacyS sile caliso (sla Reagent I oolacl

20,5 dwle

:@b).@ 9 Kk
Ozl g Jwy adS las; l adlio ol 88,
9 J—»Lod@ d)‘Jiu)L.M) W]J.{) IR uw)'w» U®929 w&u
Jolye 3 ailiwbio 451y 5L o aiel odgw w5 gyl oL
oy 5lashy o ol § 0ziliS s ) b Limgh SbL
4351 Db o Sl dilesens LSS jo,8l WS e 2y0 o
sl lasiod guiwsl 9 cudligg 0SSl lawgy Limgh oy

! Misclassification

pow o)Lo..;": i 059 AY ).ul.:

5| gy e bale Dilution L dwlds )5 Elution b, 4
Uhay s 1y oygl Ve & bale LT i p3¥ oS gl
89y = o g (wobkaidl 186G al ioduw cs Elution
(VYY) ditsly canlio SO slap pus

(EIA format) 3p,lS" b lis glm iagis ol 4o
Cogae | aod yuw ddol Cigae yaouis P IgG oyl ot
@l Radim (g )low S g ;Y50 & 03l 5l oolaawl b sioxe
39 YU (sl LT8G (oolass 9 b (sl LT8G gl
855 B ey

WS olsal qwly oael LIZG (lein a5 A 09,5 1
S ap o S 59y 2 HI (90l 3 48 e IgM (glop oo
B als (3,90 VY) 3ol ji5 RalBl L g (390 V) (g0
e 5 Sl A Sl &y S s s 45l (s 58,5 o
Sl 8l il Sdomae igie 4 il (o) Luild b o,
e Jo £IF A 09,5 3>y

Dd)S Ll YU (sl L 1gG gt 45 B oS )
3 grslio )l HI (igal 5 5 2536) o IgM 5 ] Lo s
Cli G 93 prw 3 slae ol & Wl dox o 05 (00
518G g9 5l dg90 (b (5T a5 s o U5 ol g0 ol
aSElan dn g L adl o atbIS )0 4o o Cighe 4 laie
9c~»|¢@u9§.c@fz}lmobmlﬁ>9»uaﬂ IgM
2932 9 (b Cighe jl g 4iin Y0 Job 13186 (sl
o 52k G133l s & OpelionsSTy Sl oy i )+
gl 350 YU cle o (BL YL el cdbs & e oy
s Jole G plgin 4@ (o 09y (b I ged 012G
3y Jein | b aidly 3l 5y 23l 4y 09,5 ol (sladiges
doy bl iy A 09,5 4y Cad Ll )3 4 pus g9 L (LB
9 485 )35 09,5 (il )3 YL g b M sl Bl s
Dy Jlo V0 Ll > e 5SSk

%) J el Ly gl Gtomiows ygeil plol Jlae
(OD drop) o)el Ly cuyglons 51 )0 OD il glie p CART
9 YL (gl 09,5 93 oaims 3158l (gjye e (5 canlio
e a8l il |y (S 5 Canlus VL S el
KUY

OS5I /XY a OD 8l Z0V/¥A Jos oyl Jeols
5y 09,5 13ame sme oyl ol () Jlaged) 351 sl
09,3 ;LB AI<47.5% a8 ola dSges g b5 plool
gl 09,8 3wy AT > 47.5% oS Lleil 5 b ol
A5 5V


http://hakim.tums.ac.ir/article-1-297-en.html

[ Downloaded from hakim.tums.ac.ir on 2025-08-23 ]

by A olaiS | 126G Ssdagl Giomiaw 3 5,

References:

1- Pattison JR, Dane DS, Mace E. Persistence of specific IgM
after natural infection with rubella virus. The Lancet. 1975;
25: 185-7.

2- Hedman K, Hietala J, Tilikainen A, et al, Maturation of
immunoglobolin G avidily after rubella vaccination studied
by an Enzyme linked Immunosorbent Assay (Avidity-
ELISA) and by Haemolysis typing. J Med Virol 1989; 27:
293-8.

3- Thomas HIJ, Morgan-Capner P. The avidity of specific IgM
detected in primary rubella and reinfection. Epidemiol
Infect 1990; 104: 489-97.

4- Morgan-Capner P, Hambling MH, Coleman TJ, et al.
Detection of rubella — specific IgM in subclinical rubella
reinfection in pregnancy. The lancet 1985; 2: 244-6.

5- Chantler J, Wolinky JS, Tingle A. Rubella virus. In: Knipe
DM, Howley PM, eds. Fields Virology. 4th ed Philadelphia:
Lippincott Williams and wilkins; 2001; 964-83.

6- Strannegard O, Holm SE, Hermodsson S, et al. Case of
apparent reinfection with Rubella. The lancet 1970; 31: 240-1.

7- Enders G, Knotek F. Rubella IgG total antibody avidity and
IgG subclass-specific antibody avidity assay and their role
in the differentiation between primary rubella and rubella
reinfection. Infection 1989; 17: 218-26.

8- Thomas HIJ, Morgan- Capner P. Rubella- specific IgG
subclass avidity ELISA and its role in the differentiation
between primary rubella and rubella reinfection. Epidemiol
Infect 1988; 101: 591-8.

<>

9- B cell activation and antibody production. In: Schmitt W,
ed. Cellular and Molecular Immunology. 4th ed. hiladelphia,
Pennsyl vania: Sanders Company; 2000: 182-207.

10- Berek C, Ziegner M. The maturation of the immune
response. Immunol Today. 1993; 14: 400-4.

11- Mauracher CA, Mitchell LA, Tingle AJ. Differential 1gG
avidity to rubella virus structural proteins. J Med Virol
1992; 36: 202-8.

12- Polanc J, Seppala I, Rousseau S, et al. Evaluation of
protein-denaturing ~ immunoassay  for  avidity = of
Immunoglobulin G to rubella virus. J Clin Labor Analysis
1994; 8: 16-21.

13- Nedelykovic J, Jovanovic T, Oker-Blom C. Maturation of
IgG avidity to individual rubella virus structural proteins. J
Clin Virol 2001; 22: 47-54.

14- Thomas HIJ, Morgan-Capner P. Rubella-specific IgGl
avidity a comparison of methods. J Virol Methods 1991; 31:
219-28.

15- Thomas HIJ, Morgan-Capner P, Enders G. Persistence of
specific IgM and low avidity specific IgGl following
primary rubella. J Virol Methods 1992; 39: 149-55.

16- Inouge S, Hasegawa A, Matsuno S, et al. changes in
antibody avidity after virus Infections: Detection by an
immunosorbent assay in which a mild protein-denaturing
agent is employed. J Clin Microbiol 1984; 525-9.

S (g Al


http://hakim.tums.ac.ir/article-1-297-en.html
http://www.tcpdf.org

