
Avidity determination of IgG antibodies against CMV 
Test instruction for the ELISA 

 
 

ORDER NO. ANTIBODIES AGAINST IG CLASS SUBSTRATE FORMAT 

EI 2570-9601-1 G 
Cytomegalovirus 

(CMV) 
IgG 

Ag-coated  
microplate wells 

96 x 01 (96) 

 
 

Background 
 
The differentiation between fresh and long-standing infections is one of the greatest challenges in 
serology. Until now this was based mainly on determination of specific antibodies of the immunoglobulin 
class IgM, which generally only appear initially. However, the detection of these antibodies is often 
unreliable and problematic due to interfering factors such as persistence of the IgM response, too weak 
or delayed IgM production, and unspecific IgM production through polyclonal B-cell stimulation.  
 
In recent years additional determination of the antibody avidity has become an established method for 
identifcation of primary infections. The immune system reacts to an infection by first forming low-avidity 
antibodies. With continued disease duration, IgG that are more precisely adapted to the antigens are 
produced – the avidity increases. If high-avidity IgG are detectable in the serum, it can be assumed that 
the infection is at a late stage. 
 
Contents of the test system: EI 2570-9601-1 G 
Component Colour Format Symbol
1. Test kit Anti-CMV ELISA  

(IgG, order number EI 2570-9601 G) 
---  

2. Positive control HA 
High-avidity anti-CMV (IgG, human), ready for use 

red 1 x 1.3 ml .POS CONTROL HA.

3. Positive control LA 
 Low-avidity anti-CMV (IgG, human), ready for use 

blue 1 x 1.3 ml .POS CONTROL LA.  

4. Urea solution 
for Anti-CMV ELISA, ready for use 

yellow 1 x 12 ml .UREA..

5. Phosphate buffer 
ready for use 

light blue 1 x 12 ml .PBS BUFFER.

6. Test instruction --- 1 booklet 
.LOT. Lot description 

 
 Storage temperature 

.IVD. In vitro diagnostics  Unopened usable until 
 
Storage and stability: The test kit has to be stored at a temperature between +2°C to +8°C. Do not 
freeze. Unopened, all test kit components are stable until the indicated expiry date. 
 
Waste disposal: Patient samples, calibrators, controls and incubated microplate strips should be 
handled as infectious waste. All reagents should be disposed of according to official regulations. 
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Preparation and stability of the reagents 
 
Note: All reagents must be brought to room temperature (+18°C to +25°C) approx. 30 minutes before 
use. After first use, the reagents are stable until the indicated expiry date if stored at +2°C to +8°C and 
protected from contamination, unless stated otherwise below. 
 
- Controls: Ready for use. The reagents must be mixed thoroughly before use. 
 
- Urea solution: Ready for use.  
 
- Phosphate buffer: Ready for use. 
 
Warning: The calibrators and controls used have been tested negative for HBsAg, anti-HCV, anti-HIV-1 
and anti-HIV-2 using enzyme immunoassays and indirect immunofluorescence methods. Nonetheless, 
all materials should be treated as being a potential infection hazard and should be handled with care. 
Some of the reagents contain the toxic agent sodium azide. Avoid skin contact. 
 
 

Preparation and stability of the patient samples 
 
Sample material: Human serum or EDTA, heparin or citrate plasma.  
 
Stability: Patient samples to be investigated can generally be stored at +2°C to +8°C for up to  
14 days. Diluted samples should be incubated within one working day. 
 
Sample dilution: Patient samples are diluted 1:101 in sample buffer. For example: dilute 10 µl serum 
to 1.0 ml sample buffer and mix well. by votexing (sample pipettes are not suitable for mixing).  
 
NOTE: The controls are prediluted and ready for use, do not dilute them. 
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Incubation 
 
Sample incubation: 
(1. step)  

Transfer 100 µl controls or diluted patient samples into the individual micro-
plate wells according to the pipetting protocol.  
Incubate for 30 minutes at room temperature (+18°C to +25°C). 
 

Washing: Manual: Empty the wells and subsequently wash 1 time using 300 µl of 
working strength wash buffer. 
Automatic: Wash reagent wells 1 time with 450 µl of working strength wash 
buffer (program setting: e.g. TECAN Columbus Washer “Overflow Modus”). 
 
Leave the wash buffer in each well for 30 to 60 seconds per washing cycle, 
then empty the wells. After washing (manual and automated tests), 
thoroughly dispose of all liquid from the microplate by tapping it on absorbent 
paper with the openings facing downwards to remove all residual wash buffer.
Free positions on the microplate strip should be filled with blank wells of the 
same plate format as that of the parameter to be investigated. 
 

Urea incubation: 
(2. step) 

Pipette 200 µl of urea solution into each of the microplate wells of the first 
microtiter strip and 200 µl of phosphate buffer into each of the microplate 
wells of the second microtiter strip.  
Incubate for 10 minutes at room temperature (+18°C to +25°C). 
 

Washing: Empty the wells. Wash as described above, but wash 3 times using working 
strength wash buffer for each wash.  
Attention: Residual liquid (> 10 µl) in the reagent wells after washing can 
interfere with the substrate and lead to false low extinction values. Insufficient 
washing (e.g., less than 3 wash cycles, too small wash buffer volumes, or too 
short reaction times) can lead to false high extinction values. 
 

Conjugate incubation : 
(3. step) 

Pipette 100 µl of enzyme conjugate (peroxidase-labelled anti-human IgG) into 
each of the microplate wells.  
Incubate for 30 minutes at room temperature. 
 

Washing: Empty the wells. Wash as described above, but wash 3 times using working 
strength wash buffer for each wash.  
 

Substrate incubation: 
(4. step) 

Pipette 100 µl of chromogen/substrate solution into each of the microplate 
wells.  
Incubate for 15 minutes at room temperature (+18°C to +25°C) protect from 
direct sunlight. 
 

Stopping the reaction: Pipette 100 µl of stop solution into each of the microplate wells in the same 
order and at the same speed as the chromogen/substrate solution was intro-
duced. 
 

Measurement: Photometric measurement of the colour intensity should be made at a 
wavelength of 450 nm and a reference wavelength between 620 nm and  
650 nm within 30 minutes of adding the stop solution. Prior to measuring, 
slightly shake the microplate to ensure a homogeneous distribution of the 
solution. 
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Pipetting protocol 
 

 1 2 3 4 5 6 7 8 9 10 11 12 

A pos 
HA 

pos 
HA 

P 7 P 7 P 15 P 15       

B pos
LA 

pos
LA 

P 8 P 8 P 16 P 16       

C P 1 P 1 P 9 P 9 P 17 P 17       

D P 2 P 2 P 10 P 10 P 18 P 18       

E P 3 P 3 P 11 P 11         

F P 4 P 4 P 12 P 12         

G P 5 P 5 P 13 P 13         

H P 6 P 6 P 14 P 14         

 
The above pipetting protocol is an example of the avidity determination of IgG antibodies in 18 patient 
sera (P 1 to P 18).  
 
Controls (pos HA and pos LA) as well as the patient samples have been incubated in duplicate in one 
well each of two different microtiter strips. The reagent wells of the microtiter strips 1, 3, 5 etc. are 
treated with urea solution after the incubation with patients samples, the reagent wells of the microtiter 
strips 2, 4, 6 etc. are treated with phosphate buffer.  
The wells can be broken off individually from the strips. This makes it possible to adjust the number of 
test substrates used to the number of samples to be examined and minimizes reagent wastage. 
Both positive controls with high-avidity and low-avidity antibodies serve as internal controls for the 
reliability of the test procedure. They should be assayed with each test run. 
 
 

Calculation of results 
 
The presence of low avidity antibodies in a patient’s serum has been proved if the ELISA extinction value 
is considerably reduced by urea treatment. In order to objectivate the results a relative avidity index 
(RAI) is calculated and expressed in percent using the extinction values with and without urea treatment. 
 

Extinction of the sample with urea treatment x 100 
Extinction of the sample without urea treatment 

 

= relative avidity index (RAI) in % 

  
 
The upper limit of the range of low-avidity antibodies (cut-off value) recommended by EUROIMMUN is 
40% RAI. Values below the indicated cut-off are to be considered as an indication of low-avidity anti-
bodies, values between 40% and 60% RAI as equivocal, values above 60% as an indication of  
high-avidity antibodies. If a result is classified as equivocal, it is recommended to collect a second 
sample not less than 7 days later and to test it together with the first sample. 
 
 RAI < 40%:    Indication of low-avidity antibodies 
 RAI 40% - 60%:  Equivocal range 
 RAI > 60%:    Indication of high-avidity antibodies 
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Reliable results in the the measurement of IgG antibody avidity can only be yielded if the patient sample 
contains a diagnostically significant concentration of specific antibodies. Generally, the determination of the 
relative avidity index is not helpful in samples which have an O.D. of < 0.140 after incubation without urea 
treatment. 
For diagnosis, the clinical symptoms of the patient should always be taken into account alongside the 
serological results. 
 
Attention: 
In some patients with an acute infection, very high titers of IgG antibodies can be found. Even though the 
specific IgG antibody population is in different maturation stages, both high-avidity and low-avidity, the 
vacant antigen epitopes are predominantly occupied by high-avidity antibodies in high titer samples. The 
determination of the avidity of the whole specific IgG antibody population can lead to false high RAI 
values in results. 
False high RAI values were found in some cases of acute infections when the extinction value of the IgG 
measurement without urea treatment was >1.200. 
It is recommended for samples with extinction values of >1.200 to repeat the avidity determination with a 
higher sample dilution (e. g. 1:401). If low avidity of IgG antibodies is already found at extinction values 
of > 1.200, no further testing is necessary. 
 
 

Clinical significance 
 
The majority of cytomegalovirus (CMV) infections are subclinical or asymptomatic [1]. The disease can 
manifest itself in almost any organs. In the foreground, however, hepatitis and pneumonia, are most 
frequent and accompanied by a lasting fever [2]. Seropositive cytomegalovirus infections with an 
inflammatory response (interleukin-6 response) predict cardiac mortality in patients with coronary artery 
disease [3]. Antibodies against cytomegalovirus can be detected in the serum of nearly all patients after 
the disease has taken its course. Life-long immunity is normally developed [1]. The prevalence of CMV 
infection is heavily dependent on geographical location, social and economical status. The sero positive 
ratio (IgG) is listed in Western Europe and Canada as 30% to 50% in men and 20% to 40% in women 
who are in their fertile years. In the USA the prevalence of CMV infection is slightly higher [4, 5, 6, 7, 8, 
9, 10]. The highest prevalence of CMV can be found in Asia and Africa in adults up to 95% [11, 12, 13]. 
Earlier infections can, however, be reactivated when the immunological defence mechanisms are 
weakened.  
 
Cytomegalovirus is probably the most common agent of prenatal infection of the newborn, and one in 20 
congenitally infected newborns shows serious symptoms [14, 15]. Connatal cytomegaly causes damage 
in particular to the liver, spleen and the central nervous system [16]. About 1% of all fatal cases are 
infected in utero and exhibit IgM class antibodies. CMV, the major viral cause of congenital disease, 
infects the uterine-placental interface with varied outcomes depending on the strength of maternal 
humoral immunity and gestational age [17]. CMV virions can disseminate to the placenta by co-opting 
the receptor-mediated transport pathway for IgG. These findings can explain the efficacy of hyper-
immune IgG for treatment of primary CMV infection during gestation and support vaccination [18].  
 
In the case of immunologically challenged seronegative patients, such as tumour patients and recipients 
of transplants, passive immunisation with specific immunoglobulin concentrates is frequently indicated 
[19, 20]. Such patients, however, and breast-feeding infants (particularly the newborn), should not be 
given blood products from CMV-infected (CMV antibody-positive) blood donors, because antigens are 
generally localised in the leucocytes [21].  
 
Under certain circumstances, and especially in pregnant women, the diagnosis of CMV infections is 
essentially based on the detection of IgG and IgM antibodies; however, IgM antibodies are not an 
exclusive marker of acute infection. Complementary tests are needed to help in determinaing the stage 
of infection [17, 22, 23]. False-positive IgM antibody tests for CMV can be found in patients with acute 
Epstein-Barr virus infection [24]. Fetal damage is mostly linked to maternal primary infection. Therefore it 
is important to differentiate primary from recurrent or persistent CMV infection in pregnant females. 
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For this purpose, the measurement of the IgG avidity is currently the best method [25]. IgM tests and the 
IgG avidity determination can identify all women at risk of transmitting CMV. Furthermore, a high CMV 
DNA load in amniotic fluid could be an indicator of symptomatic congenital infection at a relatively early 
stage of pregnancy [25]. Detection of specific IgM antibodies in fetal blood is significantly correlated with 
severe outcome for the fetus or the newborn [26]. 
 
 

Literature references 
 
1. Friese K, Kachel W. Infektionserkrankungen der Schwangeren und des Neugeborenen: 

Zytomegalie, Varizellen und Herpes. Springer-Verlag (2002). 

2. Ison MG, Fishman JA. Cytomegalovirus pneumonia in transplant recipients. Clin Chest Med 26 
(2005) 691-705. 

3. Blankenberg S, Rupprecht HJ, Bickel C, Espinola-Klein C, Rippin G, Hafner G, Ossendorf M, 
Steinhagen K, Meyer J. For the AtheroGene Group. Cytomegalovirus infection with interleukin-
6 response predicts cardiac mortality in patients with coronary artery disease. Circulation 103 
(2001) 2915-2921. 

4. Hong Z, Zou S, Guilivi A. Cytomegalovirus, Herpesvirus 6, 7, and 8, and Parvovirus B19 in 
Canada. Canada Communicable Disease Report 27 (2001). 

5. Friese K, Enders G. Zytomegalie, Varizellen und Herpes. Aus: Friese K, Kachel W. 
Infektionskrankheiten der Schwangeren und des Neugeborenen. Springer-Verlag (1998) 67-89. 

6. Saxinger C, Polesky H, Eby N, Grufferman S, Murphy R, Tegtmeir G, Parekh V, Memon S, Hung C. 
Antibody reactivity with HBLV (HHV-6) in U.S. populations. J Virol Methods 21 (1988)  
199-208. 

7. Natali A, Valcavi P, Medici MC, Dieci E, Montali S, Chezzi C. Cytomegalovirus infection in an 
Italian population: antibody prevalence, virus excretion and maternal transmission.  
New Microbiol 20 (1997) 123-133. 

8. Amarapal P, Tantivanich S, Balachandra K. Prevalence of cytomegalovirus in Thai blood 
donors by monoclonal staining of blood leukocytes. Southeast Asian J Trop Med Public Health 
32 (2001) 148-153. 

9. Hyams KC, Cross ER, Bianco MA, Soyk-Sarty DR, Roper CM, Dahut WL, Holmberg JA. 
Geographic risk factors for viral hepatitis and cytomegalovirus infection among United 
States Armed Forces blood donors. Transfusion 32 (1992) 644-647. 

10. White NH, Yow MD, Demmler GJ, Norton HJ, Hoyle J, Pinckard K, Mishaw C, Pokorny S. 
Prevalence of cytomegalovirus antibody in subjects between the ages of 6 and 22 years.  
J Infect Dis 159 (1989) 1013-1017. 

11. Kothari A, Ramachandran VG, Gupta P, Singh B, Talwar V. Seroprevalence of cytomegalovirus 
among voluntary blood donors in Delhi, India. J Health Popul Nutr 20 (2002) 348-351. 

12. Urwijitaroon Y, Teawpatanataworn S, Kitjareontarm A. Prevalence of cytomegalovirus antibody 
in Thai-northeastern blood donors. Southeast Asian J Trop Med Public Health 24 (1993)  
180-182. 

13. Gargouri J, Elleuch H, Karray H, Rekik H, Hammami A. Prevalence of anti-CMV antibodies in 
blood donors in the Sfax region (value in blood transfusion) [Article in French] Tunis Med 78 
(2000) 512-517.   

14. Blackburn NK, Besselaar TG, Schoub BD, O’Connell KF. Differentiation of primary 
Cytomegalovirus infection from reactivation using the urea denaturation test for measuring 
antibody avidity. J Med Virol 33 (1991) 6-9. 

15. Bodeus M, Gobau P. Predictive value of maternal-IgG avidity for congenital human 
cytomegalovirus infection. J Clin Virol 12 (1999) 3-8. 



 

7 

EUROIMMUN 
M e d i z i n i s c h e  
L a b o r d i a g n o s t i k a  
A G  

16. Mendelson E, Aboudy Y, Smetana Z, Tepperberg M, Grossman Z. Laboratory assessment and 
diagnosis of congenital viral infections: Rubella, cytomegalovirus (CMV), varicella-zoster 
virus (VZV), herpes simplex virus (HSV), parvovirus B19 and human immunodeficiency virus 
(HIV). Reprod Toxicol 23 (2006) Epub ahead of print 

17. Bodéus M, Hubinont C, Goubau P. Increased risk of cytomegalovirus transmission in utero 
during late gestation. Obstet Gynecol 93 (1999) 658-660. 

18. Maidji E, McDonagh S, Genbacev O, Tabata T, Pereira L. Maternal antibodies enhance or 
prevent cytomegalovirus infection in the placenta by neonatal fc receptor-mediated 
transcytosis. Am J Pathol 168 (2006) 1210-1226. 

19. Haastrup E, Muller K, Baekgaard H, Heilmann C. Cytomegalovirus infection after allogeneic 
stem cell transplant in children. Pediatr Transplant 9 (2005) 734-740. 

20. Caliendo AM, St George K, Kao SY, Allegra J, Tan BH, Lafontaine R, Bui L, Rinaldo CR. 
Comparison of quantitative Cytomegalovirus (CMV) PCR in Plasma and CMV antigenemia 
assay: clinical utility of the prototype Amplicor Monitor test in transplant recipients. J Clin 
Microbiol 38 (2000) 2122-2127. 

21. Grangeot-Keros L, Cointe D. Diagnosis and prognostic markers of HCMV infection. J Clin Virol 
21 (2001) 213-221. 

22. Bodéus M, Van Ranst M, Bernard P, Hubinont C, Goubau P. Anticytomegalovirus IgG avidity in 
pregnancy: a 2-year prospective study. Fetal Diagn Ther 17 (2002) 362-366. 

23. Bodéus M, Beulne D, Goubau P. Ability of three IgG-avidity assays to exclude recent 
cytomegalovirus infection. Eur J Clin Microbiol Infect Dis 20 (2001) 248-252. 

24. Miendje Deyi Y, Goubau P, Bodeus M. False-positive IgM antibody tests for cytomegalovirus 
in patients with acute Epstein-Barr virus infection. Eur J Clin Microbiol Infect Dis 19 (2000) 557-
560. 

25. Lazzarotto T, Varani S, Guerra B, Nicolosi A, Lanari M, Landini MP. Prenatal indicators of 
congenital cytomegalovirus infection. J Pediatr 137 (2000) 90-95. 

26. Enders G, Bäder U, Lindemann L, Schalasta G, Daiminger A. Prenatal diagnosis of congenital 
cytomegalovirus infection in 189 pregnancies with known outcome. PRENATAL DIAGNOSIS 
Verlag John Wiley & Sons 21 (2001) 362-377. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EI_2570-1G_A_UK_C07.doc 
Version: 08/09/2011  14:37 


