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C

ongenital cytomegalovirus (CMV) infection is the most common intrauterine infection, occurring in approximately
40,000 newborns each year in the United States (1–4). The clinical
manifestations include sensorineural hearing loss, visual impairment, mental retardation, and cognitive defects; 4% of infected
infants do not survive (1, 2, 5, 6).
Several studies have demonstrated a strong link between primary CMV infection of the mother and in utero CMV transmission. The risk of congenital infection is approximately 40% in
babies born to mothers who acquire a primary (initial) CMV infection after conception; in contrast, the risk is only about 1% in
infants born to mothers who have evidence of CMV infection (i.e.,
circulating CMV antibodies) before conception (1, 3, 6–9). The
few cases of CMV transmission in seropositive mothers reflect
nonprimary CMV infections, defined as either viral reactivation
or infection with a different strain of CMV during pregnancy (2, 3,
5). Preexisting maternal antibodies thus appear to offer substantial protection against congenital infection, most likely due to the
ability of antibodies to control viremia (2, 9, 10).
The established link between primary CMV infection during
pregnancy and congenital infection makes identification of primary CMV infection an important goal in maternal and neonatal
health care. However, ⬎95% of pregnant women with primary
CMV infection are asymptomatic and thus cannot be diagnosed
on clinical grounds (3, 11). The most straightforward indicator of
primary CMV infection is documentation of seroconversion during pregnancy, but this approach is rarely effective due to the lack
of preconception antibody screening programs allowing the identification of seronegative women (3, 9). Initial studies thus focused on detection of CMV IgM, due to its known utility as a
transient marker of primary infection (3, 9, 12). These studies
showed that CMV IgM detection is a sensitive marker for primary
CMV infection, but its specificity is relatively poor; only about
50% of CMV IgM-positive individuals have primary infection
(the reasons for this low specificity will be discussed later) (3, 5, 9,
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13–15). These disappointing findings for CMV IgM led to a search
for a different laboratory assay that could be used to identify primary CMV infection with high specificity, as well as sensitivity (2).
Studies assessing CMV IgG avidity showed that low CMV IgG
avidity is both a sensitive and a specific marker of primary CMV
infection (1–3). Indeed, CMV IgG avidity is increasingly considered the “gold standard” for distinguishing primary from nonprimary CMV infection (1, 11, 12, 16) and is being used worldwide to
identify primary CMV infection during pregnancy (14, 17–21).
This minireview focuses on 4 aspects of CMV IgG avidity testing: (a) the definition of avidity and the basic methodology used in
initial studies linking CMV IgG avidity and primary infection; (b)
a summary of results from the major studies demonstrating the
utility of CMV IgG avidity assessment in pregnancy, including the
advantages of avidity testing over CMV IgM testing alone; (c) a
discussion of commercially available CMV IgG avidity assays, including newer automated assays; and (d) current issues and controversies in diagnosing primary CMV infections during pregnancy.
DEFINITION OF AVIDITY AND BASIC METHODOLOGY

Avidity is defined as the aggregate strength with which a mixture
of polyclonal IgG molecules binds to multiple antigenic epitopes
of proteins (12). It gradually matures over several months, reflective of antigen-driven selection of B cells producing IgG of increasing affinity (3, 11, 12). IgG antibodies produced during the
first few months following primary infection exhibit low avidity
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The risk of intrauterine transmission of cytomegalovirus (CMV) during pregnancy is much greater for women who contract primary CMV infection after conception than for women with evidence of infection (circulating CMV antibodies) before conception. Thus, laboratory tests that aid in the identification of recent primary CMV infection are important tools for managing the
care of pregnant women suspected of having been exposed to CMV. CMV IgM detection is a sensitive marker of primary CMV
infection, but its specificity is poor because CMV IgM is also produced during viral reactivation and persists following primary
infection in some individuals. Studies conducted over the last 20 years convincingly demonstrate that measurement of CMV IgG
avidity is both a sensitive and a specific method for identifying pregnant women with recent primary CMV infection and thus at
increased risk for vertical CMV transmission. IgG avidity is defined as the strength with which IgG binds to antigenic epitopes
expressed by a given protein; it matures gradually during the 6 months following primary infection. Low CMV IgG avidity is an
accurate indicator of primary infection within the preceding 3 to 4 months, whereas high avidity excludes primary infection
within the preceding 3 months. In this minireview, we summarize published data demonstrating the clinical utility of CMV IgG
avidity results for estimating time since primary infection in pregnant women, describe commercially available CMV IgG avidity
assays, and discuss some of the issues and controversies surrounding CMV IgG avidity testing during pregnancy.
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STUDIES OF CMV IgG AVIDITY DURING PREGNANCY

The value of IgG avidity as a tool for discriminating recent from
past viral infections was first recognized in the 1980s (23, 24). Its
utilization in CMV infection was first reported in 1991 by Blackburn et al., who found low IgG avidity in CMV IgM-positive babies who were 7 to 12 months old (25). A connection between
CMV IgG avidity and intrauterine infection was first reported in
1995, when Boppana and Britt used a radioimmunoassay to evaluate CMV IgG avidity in sera collected at delivery from mothers
with primary CMV infection (defined as seroconversion or the
presence of CMV IgG and IgM during the first trimester) (26).
They found high avidity in 76% of nontransmitting mothers,
compared to only 17% of transmitting mothers.
The core studies directly demonstrating the clinical utility of
CMV IgG avidity for identifying pregnant women with primary
infection were published between 1997 and 2002. These studies
were conducted at 5 European medical centers, located in Brussels
(Belgium), Paris (France), Stuttgart (Germany), Pavia (Italy), and
Bologna (Italy). Although working independently and using
different CMV IgG avidity assays, these 5 laboratories followed
similar experimental protocols. CMV IgG avidity testing was performed on sera from 4 major patient groups: (i) a primary-infection group composed of patients with known primary CMV infection documented by seroconversion or virus isolation, (ii) a
past-infection group composed of CMV IgG-positive and IgMnegative blood donors or pregnant women, (iii) a CMV reactivation group composed of women exhibiting a 4-fold increase in
CMV IgG levels (with or without detectable CMV IgM) or CMV
IgG-positive and IgM-positive patients known to be infected for
more than a year, and (iv) an at-risk group composed of pregnant
women whose first prenatal serum sample was CMV IgG positive
and IgM positive, precluding determination of when primary infection occurred. When possible, pregnancy outcomes were monitored to identify congenital CMV transmission. The results gen-
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erated at these 5 centers were remarkably consistent across sites;
the major findings are discussed below.
CMV IgG avidity testing effectively distinguishes primary
CMV infection from past CMV infection/reactivation. All 5 laboratories found that the mean AI for the primary-infection group
was significantly lower than the mean AIs for the past-infection
and reactivation groups (9, 27–30). Those laboratories defining
low or high avidity on the basis of the AI value found that ⬎85% of
patients with primary infection exhibited low IgG avidity and that
⬎90% of patients with past infection or reactivation exhibited
high avidity (27–29).
Maturation data indicate that CMV IgG avidity can be useful
in determining time since infection. Four laboratories, capitalizing on the availability of serial samples from patients with primary
infection, tracked the maturation of CMV IgG avidity over time.
All 4 laboratories reported a gradual maturation of avidity, with
full maturation to high avidity accomplished by 5 to 6 months
postinfection (3, 9, 28–31). Most pregnant women with primary
infection showed low avidity for 3 to 4 months postinfection, with
AI values then moving into the intermediate range for 1 to 2
months before reaching high AI levels. Thus, a high-avidity result
during the first trimester is a strong indicator that infection occurred more than 5 months earlier, before conception. However, a
low-avidity result during the third trimester strongly suggests that
infection occurred within the prior 4 months, after conception.
CMV IgG avidity is an effective tool for assessing risk of
transmission. Three laboratories followed pregnancy outcomes
to identify cases of congenital CMV infection; all found a strong
association between low CMV IgG avidity during pregnancy and
increased risk of in utero transmission (27, 31–34). The Paris and
Bologna groups reported that all women who had CMV-infected
offspring exhibited low IgG avidity (27, 28, 33). Similarly, one
paper from the Brussels group reported that 89% of transmitting
women exhibited low IgG avidity (34); in another report (31),
however, they found that only 50% (7/14) of transmitting women
had low IgG avidity (2 had intermediate avidity, 5 had high avidity). Further analysis revealed that the gestational age was ⬎4
months in the 5 transmitting women with high IgG avidity. When
evaluating the data from a different angle, namely, transmission
rates in relation to avidity results, the combined data from Bologna and Brussels showed that 32% of women with a low AI value
transmitted CMV to their offspring; in contrast, none of the
women with high avidity during the first trimester transmitted
CMV infection (31, 33, 34). As emphasized by the authors (31–
35), these findings have significant implications for counseling
pregnant women. Patients with high CMV IgG avidity during the
first trimester can be assured that the risk of giving birth to an
infected infant is low, and invasive procedures to identify fetal
infection (e.g., collection of amniotic fluid for viral culture and
CMV DNA detection [36]) are not needed. In contrast, women
initially tested during the second or third trimester and exhibiting
high avidity should be monitored for signs of intrauterine transmission, since primary infection after conception cannot be ruled
out. Women with low avidity, regardless of trimester, should be
considered candidates for further testing to assess fetal infection
status (35).
CMV IgG avidity is better than CMV IgM for identifying primary CMV infection. As mentioned earlier, CMV IgM detection
has high sensitivity but low specificity for identifying primary
CMV infection. One reason for poor specificity is that IgM can be

Clinical and Vaccine Immunology

Downloaded from http://cvi.asm.org/ on June 25, 2019 by guest

(i.e., they bind weakly to the antigen), whereas antibodies produced by 6 months postinfection exhibit high avidity (i.e., they
bind tightly to the antigen) (3, 11, 12).
The basic methodology used to measure avidity capitalizes on
the weak binding of low-avidity IgG to a mixture of CMV antigens
(typically viral lysate). Antigen-bound low-avidity IgG, but not
high-avidity IgG, dissociates from the antigen in the presence of
mild protein denaturants, such as urea, potassium thiocyanate,
and guanidine chloride. The most common test format is an enzyme-linked immunosorbent assay (ELISA) utilizing urea as the
dissociating agent (14, 21, 22). The patient’s diluted serum is
added to two microtiter wells coated with CMV antigen; after incubation, one well is washed with regular wash buffer, whereas the other
well is washed with wash buffer containing urea. The ELISA is then
finished per the routine procedure, and the optical density (OD)
value of each well is measured. Results are expressed as an avidity
index (AI), calculated using the formula AI ⫽ (OD of the ureawashed well/OD of the well washed with regular buffer) ⫻ 100, expressed as a percentage. The interpretive criteria for AI values must be
established for each assay. The AI cutoff point for defining low avidity
is typically 35% to 50%, whereas the AI cutoff point for defining high
avidity is typically 50% to 65%. For example, in the assay used in our
laboratory (22), low avidity is defined as an AI value of ⱕ50% and
high avidity as an AI value of ⱖ60%; AI values of 51% to 59% are
considered intermediate avidity.
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pattern, whereas IgM pattern B represents long-term IgM persistence. In a CMV IgG-positive individual, an IgM-positive result of 20 indicates infection around
3 months previously if the individual exhibits IgM pattern A but around 6 months previously if the individual exhibits IgM pattern B. By employing CMV IgG
avidity testing, the correct time since infection can be determined; a low-avidity result (expected to be about 30 based on this figure) indicates primary infection
about 3 months previously, whereas a high-avidity result (expected to be about 70) indicates primary infection more than 6 months previously.

produced during viral reactivation or reinfection with a different
CMV strain (13, 27–29). Another reason is the long-term IgM
persistence following primary infection in some individuals;
about 25% of patients with primary CMV infection still have detectable IgM 4 months after infection, with IgM sometimes persisting for over a year (3, 37–39). This information, in conjunction
with the CMV avidity maturation timeline discussed earlier, suggests that patients with IgM persistence will exhibit an IgM-positive but high-CMV-avidity result set if tested more than 5 to 6
months postinfection. This result pattern is common among patients being evaluated for possible primary CMV infection; core
study groups found that about 50% of CMV IgM-positive at-risk
patients had high CMV IgG avidity (27, 28, 33), a percentage confirmed by other investigators (13, 15, 22). Thus, some pregnant
women with an IgM-positive/high-IgG-avidity result set may actually have nonrecent primary CMV infection in a setting of IgM
persistence, rather than viral reactivation/reinfection. In any case,
the high-IgG-avidity result indicates a low risk of vertical CMV
transmission, provided that the testing occurred in the first trimester. IgM testing alone would incorrectly classify these women
as having increased risk for intrauterine CMV transmission.
The following case illustrates the superiority of CMV IgG avidity testing for identifying primary CMV infection. The patient is a
32-year-old pregnant female whose first prenatal serum sample,
collected at 12 weeks of gestation, was positive for CMV IgG and
IgM. The IgG result was strongly positive, with a relative signal
strength (RSS) of ⬎60 (reference range, ⬍10), and the IgM result
was moderately positive, with an RSS of 20 (reference range, ⬍5).
As shown in Fig. 1, depending on whether the patient’s IgM reversion pattern follows the common pattern (pattern A) or the persistence pattern (pattern B), an IgM-positive result of 20 may indicate two very different lengths of time since primary infection. If
the pattern is A, the IgM result suggests primary infection within
the last 3 months (i.e., postconception) and thus an increased risk

October 2014 Volume 21 Number 10

for intrauterine CMV transmission. Alternatively, if the pattern is
B (persistence pattern), the IgM result suggests that primary infection occurred about 6 months earlier (preconception) and thus
the risk for intrauterine transmission is low. Of course, it is impossible to know which IgM seroreversion pattern the patient exhibits and thus impossible to determine the time since CMV infection using the IgM result. In contrast, CMV IgG avidity testing
is an excellent tool for distinguishing between the two possible
primary infection times. A low-avidity result (RSS, ⬍50) supports
infection within the prior 3 months and increased risk of transmission, whereas a high-avidity result (RSS, ⬎60) indicates infection before conception and a very low risk of transmission. When
the CMV IgG avidity assay was performed, an RSS of 70 (high
avidity) was obtained, and the patient was assured that the CMV
transmission risk was low.
An exciting advancement in the clinical application of CMV
IgG avidity results was reported recently by the Pavia group (40).
They retrospectively identified pregnant women with primary
CMV infection who had at least two archived sera available: one
collected 0 to 3 months after infection (median, 1 month) and
another collected ⬎3 months after infection (median, 4.5
months). The two samples (referred to as T1 and T2, respectively)
were retrieved and tested in the same CMV IgG avidity run. This
avidity assay employed CMV nuclear antigen (rather than viral
lysate); levels of IgG antibodies binding to nuclear antigen correlate with viral replication (40). When the OD values used to calculate the AI for T1 and T2 were compared, 77% of the women
exhibited one of two distinctive avidity maturation patterns; exemplary OD and AI values (created by the authors of this minireview) for these two patterns are shown in Table 1. Characteristics
of pattern 1 were that (i) the OD value following treatment with
urea-containing buffer was markedly higher (⬎4-fold in this example) for T2 than for T1 and (ii) the OD values following treatment with control buffer (without urea) were quite similar for T2
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FIG 1 Relative changes in CMV IgM, IgG, and IgG avidity levels over time following primary CMV infection. IgM pattern A represents the typical IgM response
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TABLE 1 Examples for two distinctive CMV IgG avidity maturation
patterns observed when serial samples from pregnant women with
primary CMV infection were compareda

Pattern
1

Control
buffer
OD

Avidity
index
(%)

T1
T2

0.25
1.10

1.70
1.85

15
59

63

4.40

1.09

0.45
0.55

1.75
1.00

26
55

24

1.22

0.57

T1
T2

T2/T1 ratio
a

See reference 40.

and T1. In contrast, characteristics of pattern 2 were that (i) the
urea buffer OD value was only slightly higher for T2 than for T1
and (ii) the control buffer OD value was markedly lower for T2
than for T1. IgG antibodies remaining on the plate after it was
washed with urea buffer represent high-avidity antibodies; thus,
pattern 1 exhibited a profound increase in high-avidity IgG between the two time points, whereas pattern 2 did not. Comparison
of additional parameters in these two pattern groups revealed that
the average load of CMV DNA in T1 was significantly higher in the
pattern 1 group than in the pattern 2 group. The most significant
finding, however, was a fetal infection rate of 63% (15 of 24 patients) in the pattern 1 group versus only 24% (7 of 29 patients) in
the pattern 2 group. The authors hypothesized that the higher
viral load in pattern 1 patients not only increases the odds of
vertical transmission but also potently drives avidity maturation
(40); stated a different way, pattern 1 appears to be a surrogate
marker for a T1 viral load high enough to have a strong potential
for vertical transmission. The lower control buffer OD in T2 than
in T1 in pattern 2 apparently reflects lower levels of antibodies
directed to CMV nuclear antigen, indicative of more-rapid viral
clearance (40). Although further studies are required to determine

COMMERCIALLY AVAILABLE CMV IgG AVIDITY ASSAYS

All 5 European laboratories conducting the core studies described
in the previous section utilized CMV IgG avidity ELISAs employing urea as the dissociating agent. The Bologna group used a commercially available CMV IgG avidity kit that employs 4.5 M urea,
and the Pavia group used an in-house assay employing 6 M urea.
The other 3 groups modified a CMV IgG kit to include a urea
buffer wash step; the Brussels and Paris groups employed 8 M
urea, whereas the Stuttgart group used 6 M urea. Other investigators have taken the latter approach of modifying CMV IgG kits
from different manufacturers and typically employ 6 M urea (16,
17, 20, 22, 41, 42).
Table 2 lists the currently available CMV IgG avidity assays
known to the authors. The list includes 7 ELISAs, an immunoblot
assay, and 4 automated assays based on fluorescence or chemiluminescence; 11 of these 12 assays utilize a dissociating buffer,
whereas 1 (Abbott Architect) uses a proprietary soluble CMV antigen reagent to block the binding of high-avidity IgG antibodies
to CMV antigen covalently linked to the solid phase (43). Some of
the ELISA kits and the immunoblot kit can be purchased in the
United States; however, none are cleared by the U.S. Food and
Drug Administration. Unfortunately, none of the automated assays can be purchased in the United States.
The immunoblot assay, relatively new to the market, utilizes
urea as the dissociating agent and requires a scanner to assess band
intensity. Low avidity is defined as a more than 50% reduction in
band intensity for 2 of 3 CMV antigens (IE1, p150, CM2) when
urea-treated blot strips are compared to untreated strips (44).
Two studies evaluating the immunoblot came to similar conclusions (44, 45); although the immunoblot assay correctly identified
most primary and past CMV infections, it showed no significant
benefit in performance or utility over conventional CMV IgG
avidity assays.
The Vidas assay was the first automated assay to appear on the

TABLE 2 Commercially available CMV IgG avidity kitsa
Manufacturer (test name)

Method

Dissociating agent

Low-avidity
scoreb

High-avidity
scoreb

Can be purchased
in USA?

Bio-Rad
Diesse
Euroimmun
Radim
Technogenetics
Vidia
Virion/Serion
Mikrogen
bioMérieux (Vidas)
DiaSorin (Liaison)
Roche (Elecsys)
Abbott (Architect)

ELISA
ELISA
ELISA
ELISA
ELISA
ELISA
ELISA
IBL
ELFA
CIA
V-CIA
CMIA

Urea
Urea
Urea
Urea
Potassium thiocyanate
Urea
Urea
Urea
Urea
Urea
Guanidine chloride
Nonec

⬍40
⬍30
⬍40
⬍35
⬍25
⬍40
⬍45
NA
⬍40
⬍20
⬍45
⬍50

⬎55
⬎40
⬎60
⬎45
⬎45
⬎60
⬎55
NA
⬎65
⬎30
⬎55
⬎60

No
Yes
Yes
Yes
No
Yes
Yes
Yes
No
No
No
No

a
Abbreviations: ELISA, enzyme-linked immunosorbent assay; IBL, immunoblotting; ELFA, enzyme-linked fluorescence assay; CIA, chemiluminescent immunoassay; V-CIA,
voltage-induced chemiluminescent assay; CMIA, chemiluminescent microparticle immunoassay; NA, not applicable.
b
Avidity index values are formatted as percentages for consistency.
c
The assay utilizes CMV soluble antigen that blocks attachment of high-avidity IgG to CMV-coated microparticles.
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Urea
buffer
OD

T2/T1 ratio

2

Rate of
vertical
transmission
(%)

Sample
time
point

if these distinctive avidity maturation patterns are detected using
assays that include nonnuclear antigens, this analytical approach
offers great promise for making CMV IgG avidity testing an even
more powerful tool for identifying women with the highest risk of
vertically transmitting CMV infection.
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ELISAs (Bio-Rad, Euroimmun, Radim) and the Liaison assay (55)
and concluded that all 4 assays were adequate laboratory tools for
evaluating patients with suspected primary CMV infection. The
Euroimmun and Liaison assays were a bit better for detecting
primary infection, whereas the Bio-Rad and Radim assays were a
bit better for excluding primary infection. A larger study was undertaken by the Pavia group, which compared 5 ELISAs and 3
automated assays (56). Their results revealed much less consistency than was observed in the Spanish study; none of the samples
yielded identical scores by all 8 assays, and only 65% of sera exhibited the same qualitative IgG avidity result by at least 5 assays.
However, receiver operator characteristic curve analysis of individual assay performance showed that all 8 assays performed reasonably well for diagnosing recent infection and that 7 of 8 assays
performed reasonably well for diagnosing nonrecent infection.
The authors concluded that, because CMV IgG avidity results influence decisions about performing invasive tests to detect fetal
infection and possible termination of pregnancy, there is an immediate need for CMV IgG avidity kits to be improved and standardized.
ISSUES AND CONTROVERSIES

How should intermediate CMV IgG avidity results be used? The
major applications of CMV IgG avidity results as gleaned from the
core publications are based on either low avidity or high avidity;
low avidity indicates an increased risk of intrauterine transmission, whereas high avidity during the first trimester indicates a low
risk of intrauterine transmission (27, 31, 34). Intermediate IgG
avidity results were considered difficult to interpret for the purpose of risk assessment (3, 28, 30), yet a remarkably consistent
finding in the literature is that 10% to 20% of patients within an
at-risk group (CMV IgG positive and IgM positive but an unknown time of infection) exhibit intermediate avidity (13–15, 28,
31, 32, 34, 57–59). How should these women be counseled with
respect to risk for intrauterine transmission and the need for invasive procedures to identify fetal infection? Are intermediate results comparable to low-avidity results or high-avidity results?
The Bologna group analyzed the proportion of mothers transmitting the infection in relation to their CMV IgG avidity result and
found transmission rates of 30% in the low-avidity group, 4% in
the intermediate-avidity group, and 2% in the high-avidity group
(58). Very similar transmission percentages were subsequently reported by another group (15). These findings thus suggested that,
from a counseling standpoint, an intermediate-avidity result was
more like a high-avidity result. A later study by the Bologna group
(60) took the analysis a step further by also considering the trimester of pregnancy; 23% of CMV IgG-positive and IgM-positive
women with intermediate CMV IgG avidity in the second trimester transmitted the infection to their offspring, compared to only
3% of IgG-positive and IgM-positive women with intermediate
avidity in the first trimester. The authors concluded that intermediate CMV IgG avidity is a reliable marker of recent primary CMV
infection in women initially tested in the second or third trimester.
Stated a different way, from the standpoint of counseling, an intermediate-avidity result in the first trimester is comparable to a
high-avidity result, whereas an intermediate-avidity result in the
second or third trimester is comparable to a low-avidity result.
Should CMV IgG avidity be determined only for samples
positive for CMV IgM? Many laboratories using CMV IgG avidity
to discriminate primary from nonprimary CMV infection follow a
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market, with a recommended AI diagnostic threshold of 80%. The
Brussels and Paris groups evaluated this assay in 2001 and published essentially identical findings (46, 47). All patients with primary infection within the previous 3 months exhibited Vidas AI
values of ⬍80%, but only about 80% of patients with past infection exhibited AI values of ⬎80%. Both groups reported that decreasing the AI diagnostic threshold from 80% to 70% had only a
minor negative effective on the assay’s ability to correctly identify
primary infection (it decreased from 100% to ⬎96%) but markedly improved its ability to correctly identify past infection (it
increased from 80% to ⬎95%) (46, 47). Other investigators came
to this same conclusion (15, 48). In 2013, the Paris group conducted a systematic study of Vidas AI values using well-defined
sera (49); they suggested that an AI of ⬍40% be defined as low
avidity and that an AI of ⬎65% be defined as high avidity. These
interpretive criteria have now been adopted by the manufacturer
(bioMérieux).
The Liaison assay (DiaSorin) appeared soon after the Vidas
assay, and evaluation data were published by the Pavia group in
2004 (50). At the manufacturer’s suggested diagnostic AI threshold of 20%, the Liaison assay correctly identified 93% of primary
infections and 85% of past infections. However, if the AI threshold
was increased to 30%, the assay identified 100% of primary infections without affecting identifications of past infections.
The Elecsys assay (Roche Diagnostics) was recently the subject
of a multicenter study conducted by the Paris, Pavia, and Bologna
groups (51). The manufacturer’s suggested interpretive criteria
(an AI of ⬍45% indicates low avidity, and an AI of ⱖ55% indicates high avidity) were used to evaluate the results. The combined
findings from the 3 laboratories indicated that the assay correctly
identified 95% of primary infections and 92% of past infections.
The Abbott Architect assay represents a departure from the
conventional use of a dissociating agent to mediate the release of
low-avidity IgG molecules from the solid phase. Rather, attachment of high-avidity antibodies to the solid phase is blocked by a
proprietary soluble CMV antigen reagent. The manufacturer developed this alternative assay to avoid the potential detrimental
effects of dissociating agents on the complex fluidic systems of the
Architect analyzer (43). The calculation of AI was modified so that
the numerical results are similar to those generated in conventional CMV IgG avidity assays. Two groups evaluated this assay in
2009, and both documented excellent performance (43, 52); 100%
of samples from primary CMV infections exhibited low avidity,
and 98% of samples from past CMV infections exhibited high
avidity.
A recent report indicated that, in rare instances, avidity assays
employing dissociating agents generate falsely low CMV IgG avidity results, as demonstrated by the lack of avidity maturation in a
second sample collected a year later (53). When 4 such samples
were tested in the Architect CMV IgG avidity assay, all exhibited
high avidity (53), leading the authors to suggest that this alternative method offers an advantage over conventional assays. On the
other hand, another recent report described exactly the opposite
phenomenon (54); consecutive sera from 2 pregnant women exhibiting low, unchanging, CMV IgG avidity in the Architect assay
exhibited high avidity in the Liaison assay. Luckily, problem samples such as these appear to be rare, but their existence supports
the laboratorians’ mantra, “remember that no test is perfect!”
Direct comparison of multiple CMV IgG avidity assays has
been undertaken by 2 groups. A Spanish group compared 3

Minireview

1382

cvi.asm.org

quent hand washing (1, 6, 66). These counseling messages are
consistent with recommendations published by professional societies in Spain and Canada (67, 68).
CONCLUSIONS

CMV IgG avidity testing is now a proven, valuable laboratory tool
for diagnosing primary CMV infection during pregnancy. Low
avidity indicates primary infection within the preceding 3 to 4
months, with an increased risk of intrauterine transmission to the
fetus/newborn. High avidity during the first trimester excludes
postconception primary infection and indicates a low risk of intrauterine transmission. Although not quite as powerful as a highavidity result, an intermediate-avidity result during the first trimester also indicates a low risk of intrauterine transmission. In
contrast, an intermediate-avidity or high-avidity result during the
second or third trimester does not rule out postconception primary infection and is associated with increased risk of transmission. The vast majority of patients with primary CMV infection
exhibit both low CMV IgG avidity and detectable CMV IgM, but
rarely is only one of these abnormal results present; thus, maximum detection of primary CMV infections, particularly when the
first sample is collected after the first trimester, requires that both
CMV IgG avidity and CMV IgM avidity testing be performed on
CMV IgG-positive samples. Several diagnostic companies now
offer CMV IgG avidity kits/assays, but many are not yet available
for purchase worldwide. Manufacturers are encouraged to seek
solutions to distribution and regulatory issues that currently block
the widespread availability of their products, thus enabling the
global application of CMV IgG avidity testing as a tool for assessing CMV transmission risk during pregnancy.
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reflexive algorithm whereby only CMV IgG-positive samples that
are also CMV IgM positive are tested for CMV IgG avidity (6, 17,
18, 31, 34, 48, 58); yet, investigators that have tested all CMV
IgG-positive samples for avidity, regardless of the CMV IgM result, have consistently found that 1% to 3% of IgG-positive, IgMnegative samples exhibit low IgG avidity (16, 48, 57), suggesting
an increased risk of intrauterine transmission. Indeed, transmission has been documented in patients who lacked CMV IgM but
exhibited low IgG avidity (14, 61); it is likely that these women
were in the narrow time window when IgM reversion has occurred
but avidity is still low (3, 28–31). A reflexive algorithm requiring
IgG avidity testing only on IgM-positive samples will thus miss a
small number of primary infections. For this reason, some investigators recommend that all sera first be tested for CMV IgG and
IgM and that all IgG-positive samples then be tested for CMV IgG
avidity, regardless of the IgM result (5, 36, 50, 57). In addition to
identifying IgM-negative patients with low IgG avidity, this approach also detects the small number of patients with an IgGnegative, IgM-positive result set, indicative of very recent CMV
infection; seroconversion should be documented to ensure that
the IgM result is a true positive. If budgetary and staffing issues
require a laboratory to employ an algorithm whereby IgG avidity
is performed only if the IgM result is equivocal or positive, the
CMV IgM assay utilized should have high sensitivity in order to
maximize the likelihood of detecting low CMV IgG avidity (21,
61–64).
Should all pregnant women be screened for evidence of primary CMV infection? Screening of pregnant women for CMV
antibodies is currently not recommended by any national government. The reasons cited include unjustified pregnancy termination due to patient anxiety, a lack of interventions proven to reduce or prevent transmission even if primary infection is
identified, and the inability of screening programs to identify the
small percentage of women who have CMV antibodies before
conception but nevertheless transmit CMV to their offspring (1, 2,
65). However, in light of the convincing data demonstrating the
clinical utility of CMV IgG avidity testing for assessing the risk of
intrauterine CMV transmission, there has been renewed discussion of the benefits of screening pregnant women for CMV antibodies (3, 9, 60). If CMV IgG and IgM are measured during the
first 2 months of gestation, the results enable specific counseling
messages. (i) An IgG-positive, IgM-negative result at this early
gestational age nearly always indicates past infection, with no need
for further action; however, IgG avidity testing may be recommended if it is clinically warranted. (ii) An IgG-positive, IgMpositive result suggests recent primary infection and should trigger CMV IgG avidity testing. High or intermediate avidity
indicates a low risk of congenital infection, whereas low avidity
indicates an increased risk. If the result indicates low avidity, the
patient should be counseled that vertical transmission is not a
foregone conclusion, and additional procedures can be employed
to identify fetal infection. (iii) An IgG-negative, IgM-positive result suggests very recent CMV infection and an increased risk of
vertical transmission. The patient should be followed to document seroconversion and counseled the same as the patient with
an IgG-positive, IgM-positive result. (iv) An IgG-negative, IgMnegative result indicates a risk for primary CMV infection, and the
patient should be counseled to take measures to reduce the chance
of infection, such as avoidance of direct contact with body fluids
from other individuals (particularly preschool children) and fre-
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