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The measurement of the avidity of cytomegalovirus (CMV) immunoglobulin G (IgG) antibodies has been
shown by several investigators to be useful in identifying and excluding primary CMV infections in pregnant
women. In this work, we examined the diagnostic utility of reflex testing of CMV IgM-positive specimens from
pregnant women by using a CMV IgG avidity assay. The utility of this approach was directly dependent on the
sensitivity of the CMV IgM assay employed during the initial screen. The higher initial reactivity rate of the
AxSYM CMV IgM assay was necessary in order to detect CMV IgM in specimens containing low-avidity CMV
IgG antibodies, indicative of a primary CMV infection, which other CMV IgM assays (Behring, Vidas, Captia,
and Eurogenetics) fail to detect in some cases. The use of the AxSYM CMV IgM assay, followed by an avidity
test, should result in more accurate diagnosis of CMV infection in pregnant women.

Human cytomegalovirus (CMV) is a herpesvirus which is
ubiquitously distributed in the human population. CMV is the
most common cause of congenital infection, occurring in ap-
proximately 1% of all live births (1, 3, 5, 9, 21). Since CMV
infections in immunocompetent individuals and pregnant
women are asymptomatic or accompanied by symptoms not
specific for CMV, laboratory methods are needed to diagnose
CMV infection. In the absence of seroconversion, CMV-spe-
cific immunoglobulin M (IgM) is a sensitive and specific indi-
cator of active or recent CMV infection (2, 4, 17, 19, 20).
However, the presence of CMV IgM is not a specific indicator
of primary CMV infection as it is often produced during non-
primary infections (2, 10, 18). Recently, the measurement of
the CMV IgG avidity index has been shown to be useful in
identifying and excluding primary CMV infections in pregnant
women with no pregestational CMV serology (6, 8, 13, 14, 15).
Detection of low-avidity CMV IgG in specimens from preg-
nant women indicates that primary CMV infection has oc-
curred within the past 18 to 20 weeks, whereas detection of
high-avidity CMV IgG excludes primary infection (13). In this
work, we evaluated the performance of the AxSYM CMV IgM
assay in conjunction with other CMV IgM assays and examined
the diagnostic utility of reflex testing of CMV IgM positive
specimens from pregnant women with a CMV IgG avidity
assay.

The AxSYM CMV IgM assay (Abbott Laboratories, Abbott
Park, Ill.) (16) was used to test 1,924 routine specimens from
five European sites, i.e., one in Belgium (n 5 188), one in
Sweden (n 5 297), and three in Italy (n 5 1,439). Specimens
from Belgium and Sweden were exclusively from pregnant
women, whereas a small percentage (ca. 10%) of the speci-
mens tested in Italy were from males or nonpregnant females.
In the study in Belgium, routine specimens from pregnant
women were tested by the AxSYM CMV IgM, Behring En-
zygnost anti-HCMV IgM (Behring AG, Marburg, Germany),
and Vidas CMV IgM (BioMéreiux, Marcy-L’Étoile, France)
assays. The reactivity rates in this population of specimens
were 11.7, 5.3, and 5.9% for the AxSYM, Behring, and Vidas
assays, respectively. Specimens with discordant results between
the AxSYM and Behring assays (n 5 9) and the AxSYM and
Vidas assays (n 5 12) were subsequently tested by the Radim
CMV IgG avidity EIA Well assay (Radim, Rome, Italy).
The results are shown in Table 1. Two AxSYM-positive
and Behring- and Vidas-negative discordant specimens con-
tained low-avidity CMV IgG. Discordant specimens nega-
tive by AxSYM and positive by either the Behring or Vidas
assay contained high-avidity CMV IgG. Raising the cutoff of
the AxSYM assay from a 0.5 (manufacturer’s recommended
cutoff) to a 1.0 index value would reduce the reactivity rate of
the AxSYM assay in this population from 11.7 to 3.7%, a
reactivity rate comparable to those of the Behring and Vidas
assays (data not shown). However, raising the cutoff in this
manner to lower the reactivity rate would result in failure of
the AxSYM assay to detect CMV IgM in specimens containing
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CMV IgG antibodies with low avidity, as was shown for the
Behring and Vidas assays. In the study performed in Sweden,
297 routine specimens from pregnant women were tested by
the AxSYM CMV IgM assay. Specimens that were positive
(n 5 17; 5.7%) by the AxSYM assay were subsequently tested
by the Captia CMV-M assay (Trinity Biotech, Jamestown,
N.Y.) and by the Radim CMV IgG assay. The results are
shown in Table 2. There were five AxSYM-positive, Captia-
negative specimens which contained low (n 5 2)- or moderate
(n 5 3)-avidity CMV IgG. Raising the cutoff of the AxSYM
assay from a 0.5 to a 1.0 index value to achieve a reactivity rate
that we estimate to be comparable to that of the Captia assay
(0.3%) would result in failure of the AxSYM assay to detect
CMV IgM in five specimens containing IgG antibodies with
low or moderate avidity (data not shown). Similar results were
also obtained at three Italian laboratories that perform routine
testing for CMV IgM and IgG, mostly (ca. 90%) of specimens
from pregnant women. Of 1,439 specimens tested by the
AxSYM assay, 145 (10.1%) were positive for CMV IgM. At
two of the three Italian sites, specimens tested by the AxSYM
assay were also tested by the Eurogenetics CMV IgM assay
(Eurogenetics, Tessenderlo, Belgium) (n 5 985) or the IMx
CMV IgM assay (Abbott Laboratories; (n 5 300). The results
of reflex testing of 141 AxSYM-positive specimens and 4
AxSYM-negative specimens by the avidity assay are shown in
Table 3. The Radim assay identified specimens containing low
(n 5 6)-, moderate (n 5 7)-, and high (n 5 108)-avidity IgG in
this population of specimens. The majority of the AxSYM-
positive specimens were negative by the IMx and Eurogenetics
CMV IgM assays, including specimens which contained low-
avidity IgG (n 5 1, negative by the Eurogenetics assay) and
moderate-avidity IgG (n 5 3, two specimens negative by the

Eurogenetics assay and one specimen negative by the IMx
assay). Again, raising the cutoff of the AxSYM CMV IgM assay
from a 0.5 to a 1.0 index value would lower the reactivity rate
from 10.1 to 3.7%. However, this would result in the failure to
detect CMV IgM in 40% of the specimens containing CMV
IgG antibodies with low or moderate avidity (data not shown).
There were only two specimens that were positive by the Eu-
rogenetics assay and negative by the AxSYM assay. There was
not sufficient volume available to test these discordant speci-
mens by the avidity assay. There were four specimens that were
positive by the IMx assay and negative by the AxSYM assay.
Three of these specimens contained high-avidity IgG, and one
specimen was negative for IgG antibody (Table 3). The overall
frequency of AxSYM-negative, other assay-positive specimens
at two of the Italian sites was negligible at 0.47% (6 of
1,285). There were no AxSYM-negative, other assay-positive
specimens identified that contained CMV IgG antibodies with
low or moderate avidity.

Our results indicate that caution must be exercised when
reflex testing CMV IgM-positive specimens from pregnant
women with a CMV IgG avidity assay. The reliability of this
particular diagnostic algorithm was directly dependent on the
sensitivity of the CMV IgM assay employed during the initial
screen. As can be seen from the above results, the Behring,
Vidas, Captia, IMx, and Eurogenetics assays do not detect
CMV IgM in some specimens containing low or moderate
IgG avidity. In contrast, our preliminary data suggest that
the AxSYM assay is a more suitable screening assay for CMV
IgM with this reflex diagnostic algorithm provided all CMV
IgM-positive specimens are tested by the avidity assay. To
explore this particular diagnostic algorithm further, selected
specimens from women with documented transmission of the
virus to the fetus (n 5 13) were tested by the AxSYM and
Behring CMV IgM assays, the CMV IgM Immunoblot assay
(12), and the Radim CMV IgG avidity assay. The gestational
ages of these women were between 8 and 26 weeks at the time
of serological testing. Intrauterine transmission of the virus
was confirmed in these women either by detection of the virus
in the amniotic fluid by culture and PCR (7, 11), documenta-
tion of disseminated CMV infection in the fetus upon autopsy
in cases where termination of pregnancy was elected, or virus
detection by culture in the urine of the neonate, with or with-
out symptoms, within 1 week of birth. As shown in Table 4, all
13 specimens were positive for CMV-specific IgM by the CMV

TABLE 1. Comparison of the AxSYM CMV IgM assay to
the Behring and Vidas CMV IgM assays and

a CMV IgG avidity assaya

CMV IgM assay result No. of
specimens

No. of specimens with following
CMV IgG avidity index:

AxSYM Behring Vidas Low Moderate High ND

1 2 8 2 0 5 1
2 1 1 0 0 1 0
1 2 10 2 0 7 1
2 1 2 0 0 2 0

a ND, CMV IgG titer not sufficient to determine CMV IgG avidity index by the
Radim CMV IgG avidity assay. 1, positive for CMV IgM antibody; 2, negative
for CMV IgM antibody.

TABLE 2. Comparison of the AxSYM CMV IgM assay to the
Captia CMV IgM assay and a CMV IgG avidity assaya

CMV IgM
assay result No. of

specimens

No. of specimens with following
CMV IgG avidity index:

AxSYM Captia Low Moderate High ND

1 2 15 2 3 9 1
1 GZ 1 0 0 1 0
1 1 1 0 0 1 0

a ND, CMV IgG titer not sufficient to determine CMV IgG avidity index by the
Radim CMV IgG avidity assay. 1, positive for CMV IgM antibody; GZ, grey
zone for CMV IgM antibody; 2, negative for CMV IgM antibody.

TABLE 3. Comparison of the AxSYM CMV IgM assay to the
Eurogenetics or IMx CMV IgM assay and a CMV IgG avidity assaya

CMV IgM
assay result No. of

specimens

No. of specimens with following
CMV IgG avidity index:

AxSYM Eurogenetics
or IMx Low Moderate High ND

1 2 106 1 3 90 2
1 1 14 0 3 8 3
1 NR 21 5 1 7 8
2 1 4 0 0 3 1

a Abbreviations: ND, CMV IgG titer not sufficient to determine CMV IgG
avidity index by the Radim CMV IgG avidity assay; NR, no testing performed by
the Eurogenetics or IMx CMV IgM assay. 1, positive for CMV IgM antibody; 2,
negative for CMV IgM antibody.
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IgM Immunoblot assay. Nine of these specimens contained
CMV IgG antibodies with low avidity, one specimen contained
antibodies with moderate avidity, and in three specimens the
avidity index could not be determined due to insufficient CMV
IgG titers. The AxSYM CMV IgM assay detected CMV-spe-
cific IgM in 11 specimens (85%), whereas the Behring assay
detected CMV IgM in only four specimens (31%). Again, our
results indicate that caution must be exercised when reflex
testing CMV IgM-positive specimens from pregnant women
with an IgG avidity assay, especially when screening with an
insensitive CMV IgM assay (Behring).

In conclusion, the diagnostic utility of the reflex testing of
CMV IgM-positive specimens from pregnant women by an
avidity assay was directly dependent on the sensitivity of the
CMV IgM assay employed during the initial screen. The higher
initial reactivity rate of the AxSYM CMV IgM assay was nec-
essary in order to detect CMV IgM in specimens containing
low-avidity CMV IgG antibodies, indicative of a primary CMV
infection, which other CMV IgM assays fail to detect in some
cases. Raising the cutoff of the AxSYM assay to lower the
reactivity rate to levels similar to those of other, less sensitive,
IgM assays significantly reduced the diagnostic utility of this
assay in an initial screen of specimens from pregnant women to
be followed by avidity testing. The use of the AxSYM CMV
IgM assay, followed by an avidity test, should result in a more
accurate diagnosis of CMV infection in pregnant women.

REFERENCES

1. Alford, C. A., S. Stagno, R. F. Pass, and W. J. Britt. 1990. Congenital and
perinatal cytomegalovirus infections. Rev. Infect. Dis. 12:S743–S745.

2. Basson, J., J. C. Tardy, and M. Aymard. 1989. Pattern of anti-cytomegalo-
virus IgM antibodies determined by immunoblotting. A study of kidney graft
recipients developing a primary or recurrent CMV infection. Arch. Virol.
108:259–270.

3. Britt, W. J., and C. A. Alford. 1996. Cytomegalovirus, p. 2493–2523. In B. N.
Fields, D. M. Knipe, P. M. Howley, et al. (ed.), Fields virology, 3rd ed.
Lippincott-Raven Publishers, Philadelphia, Pa.

4. Dolan, J., J. D. Briggs, and G. B. Clements. 1990. Antibodies to cytomega-

lovirus in renal allograft recipients: correlation with isolation of virus. J. Clin.
Pathol. 42:1070– 1077.

5. Donner, C., C. Liesnard, F. Brancart, and F. Rodesch. 1994. Accuracy of
amniotic fluid testing before 21 weeks’ gestation in prenatal diagnosis of
congenital cytomegalovirus infection. Prenatal Diagn. 14:1055–1059.

6. Genevieve, R. E., P. Barjot, M. Campet, A. Vabret, M. Herlicoviez, G.
Muller, G. Levy, B. Guillois, and F. Freymuth. 1996. Evaluation of virolog-
ical procedures to detect fetal human cytomegalovirus infection: avidity of
IgG antibodies, virus detection in amniotic fluid and maternal serum. J. Med.
Virol. 50:9–15.

7. Gleaves, C. A., T. F. Smith, E. A. Schuster, and G. R. Pearson. 1984. Rapid
detection of cytomegalovirus in MRC-5 cells inoculated with urine speci-
mens by using low-speed centrifugation and monoclonal antibody to an early
antigen. J. Clin. Microbiol. 19:917–919.

8. Grangeot-Keros, L., M. J. Mayaux, P. Lebon, F. Freymuth, G. Eugene, R.
Stricker, and E. Dussaix. 1997. Value of cytomegalovirus (CMV) IgG avidity
for the diagnosis of primary CMV infection in pregnant women. J. Infect.
Dis. 175:944–946.

9. Ho, M. 1990. Epidemiology of cytomegalovirus infections. Rev. Infect. Dis.
12:S701– S710.

10. Kraat, Y. J., F. S. Stahls, M. H. Christiaans, T. Lazzarotto, M. P. Landini,
and C. A. Bruggeman. 1996. IgM antibody detection of ppUL80a and
ppUL32 by immunoblotting: an early parameter for recurrent cytomegalo-
virus infection in renal transplant recipients. J. Med. Virol. 48:289–294.

11. Lazzarotto, T., B. Guerra, P. Spezzacatena, S. Varani, L. Gabrielli, P.
Pradelli, F. Rumpianesi, C. Banzi, L. Bovicelli, and M. P. Landini. 1998.
Prenatal diagnosis of congenital cytomegalovirus infection. J. Clin. Micro-
biol. 36:3540–3544.

12. Lazzarotto, T., A. Ripalti, G. Bergamini, M. C. Battista, P. Spezzacatena, F.
Campanini, P. Pradelli, S. Varani, L. Gabrielli, G. T. Maine, and M. P.
Landini. 1998. Development of a new cytomegalovirus (CMV) immuno-
globulin M (IgM) immunoblot for detection of CMV-specific IgM. J. Clin.
Microbiol. 36:3337–3341.

13. Lazzarotto, T., P. Spezzacatena, P. Pradelli, D. A. Abate, S. Varani, and
M. P. Landini. 1997. Avidity of immunoglobulin G directed against human
cytomegalovirus during primary and secondary infections in immunocom-
petent and immunocompromised subjects. Clin. Diagn. Lab. Immunol. 4:
469–473.

14. Lazzarotto, T., P. Spezzacatena, S. Varani, L. Gabrielli, P. Pradelli, B.
Guerra, and M. P. Landini. 1999. Anticytomegalovirus (anti-CMV) immu-
noglobulin G avidity in identification of pregnant women at risk of trans-
mitting congenital CMV infection. Clin. Diagn. Lab. Immunol. 6:127–129.

15. Lutz, E., K. N. Ward, and J. J. Gray. 1994. Maturation of antibody avidity
after primary human cytomegalovirus infection is delayed in immunosup-
pressed solid organ transplant patients. J. Med. Virol. 44:317–322.

16. Maine, G. T., R. Stricker, M. Schuler, J. Spesard, S. Brojanac, B. Iriarte,
K. Herwig, T. Gramins, B. Combs, J. Wise, H. Simmons, T. Gram, J. Lonze,
D. Ruzicki, B. Byrne, J. D. Clifton, L. E. Chovan, D. Wachta, C. Holas, D.
Wang, T. Wilson, S. Tomazic-Allen, M. A. Clements, G. L. Wright, Jr., T.
Lazzarotto, A. Ripalti, and M. P. Landini. 2000. Development and clinical
evaluation of a recombinant-antigen-based cytomegalovirus immunoglob-
ulin M automated immunoassay using the Abbott Axsym analyzer. J. Clin.
Microbiol. 38:1476–1481.

17. Marsano, L., R. P. Perrillo, M. W. Flye, D. W. Hanto, E. D. Spitzer, J. R.
Thomas, P. R. Murray, D. W. Windus, E. M. Brunt, and G. A. Storch. 1990.
Comparison of culture and serology for the diagnosis of cytomegalovirus
infection in kidney and liver transplant recipients. J. Infect. Dis. 161:454–
461.

18. Nielsen, C. M., K. Hansen, H. M. K. Andersen, J. Gersoft, and B. F.
Vestergaard. 1987. An enzyme labelled nuclear antigen immunoassay for
detection of cytomegalovirus IgM antibodies in human serum: specific and
nonspecific reactions. J. Med. Virol. 22:67–76.

19. Nielsen, S. L., I. Sørensen, and H. K. Andersen. 1988. Kinetics of specific
immunoglobulins M, E, A, and G in congenital, primary, and secondary
cytomegalovirus infection studied by antibody-capture enzyme-linked im-
munosorbent assay. J. Clin. Microbiol. 26:654–661.

20. Stagno, S., M. K. Tinker, C. Elrod, D. A. Fucillo, G. Cloud, and A. J.
O’Beirne. 1985. Immunoglobulin M antibodies detected by enzyme-linked
immunosorbent assay and radioimmunoassay in the diagnosis of cytomeg-
alovirus infections in pregnant women and newborn infants. J. Clin. Micro-
biol. 21:930–935.

21. Whitley, R. J., and D. W. Kimberlin. 1997. Treatment of viral infections
during pregnancy and the neonatal period. Clin. Perinatol. 24:267–283.

TABLE 4. Specimens from pregnant women with documented
intrauterine transmission of the virus tested by CMV IgM

and CMV IgG avidity serologic testsa

CMV IgM
screening assay

results

No. of
speci-
mens

No. of specimens
with following

CMV IgM
Immunoblot
assay result:

No. of specimens with
following CMV IgG

avidity index:

Positive Negative Low Moderate High ND

AxSYM1, Behring2 7 7 0 4 1 0 2
AxSYM1, Behring1 4 4 0 3 0 0 1
AxSYM2, Behring2 2 2 0 2 0 0 0

Totalb 13 13 0 9 1 0 3

a ND, CMV IgG titer not sufficient to determine CMV IgG avidity index by the
Radim CMV IgG avidity assay.

b Eleven specimens were AxSYM positive, and four were Behring positive.
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