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The measurement of cytomegalovirus (CMV) IgG avidity is a powerful tool for identifying individuals with recent CMV infec-
tion. Because such patients are expected to be positive for CMV IgM, several investigators have suggested that CMV IgG-positive
sera first be screened for CMV IgM and then only the IgM-reactive sera be tested for avidity. We investigated the impact of differ-
ent CMV IgM assays on such a reflexing algorithm using a panel of 369 consecutive IgG-positive serum samples submitted for
avidity testing. A bead-based immunofluorescent assay (BIFA) identified 105 IgM-positive serum samples, whereas an IgM-cap-
ture enzyme immunoassay (EIA) identified 48 IgM-positive serum samples; this marked difference led us to evaluate additional
CMV IgM assays. An enzyme-linked immunofluorescent assay (ELFA) and a chemiluminescent immunoassay (CIA) were used to
test all sera with discordant BIFA/EIA results, all sera with concordant positive results, and selected sera with concordant nega-
tive results. The findings indicated that the ELFA would identify 74 CMV IgM-positive samples and the CIA would identify 64.
Of the 23 low-avidity serum samples, 2 were IgM negative by BIFA, 3 by ELFA and CIA, and 4 by EIA; of the 23 intermediate-
avidity serum samples, 6 were IgM negative by BIFA, 10 by ELFA, and 15 by EIA and CIA. In both these avidity groups, BIFA
IgM-negative sera were also negative by the other 3 assays. These findings demonstrate that an algorithm requiring CMV IgM
reactivity as a criterion for CMV IgG avidity testing does not identify all low-avidity sera and thus misses some cases of acute
CMV infection.

Primary cytomegalovirus (CMV) infection during pregnancy
can cause intrauterine infection of the fetus, leading to pro-

found sensory and cognitive defects in the newborn (1–3). In con-
trast, intrauterine infection is rarely associated with CMV reacti-
vation or reinfection during pregnancy (2, 4). Thus, laboratory
tools allowing for an accurate diagnosis of primary CMV infec-
tions play an important role in managing pregnant women with
suspected CMV disease (5, 6). The measurement of CMV IgG
avidity has emerged as one of the most useful laboratory assays for
identifying primary CMV infection; this assay also enables an es-
timation of the length of time that has elapsed since the infection
occurred (5, 6). IgG avidity, defined as the aggregate strength of
IgG binding to multiple antigenic epitopes of a given protein,
gradually increases with time, reaching “high” levels by 5 to 6
months after the primary infection (1, 4, 7–9). Thus, a finding of
low CMV IgG avidity in a pregnant patient, particularly during the
second or third trimester, suggests that CMV infection may have
occurred after conception, which carries an increased risk of fetal
infection (2, 7, 10). Another sensitive laboratory tool for identify-
ing primary CMV infection is CMV IgM detection (2, 4). How-
ever, the interpretation of a positive CMV IgM result can be prob-
lematic, since CMV IgM persists in some individuals for one or
more years following primary infection; further, IgM production
occurs in some patients following CMV reactivation (2, 5, 6, 11).

To enable accurate and efficient identification of primary CMV
infection in pregnant women, several investigators have recom-
mended a testing algorithm that combines the good sensitivity of
CMV IgM detection with the good sensitivity and specificity of
CMV IgG avidity testing (5, 8, 9, 12, 13). Per this reflexive algo-
rithm, serum from a patient found to be positive for CMV IgG is

first tested for CMV IgM, and only those sera found to be IgM
reactive are tested in a CMV IgG avidity assay. However, a small
number of CMV IgM-negative patients with low CMV IgG avidity
have been described, raising questions about the clinical utility of
this algorithm (4, 12, 14). Clearly, the success of the algorithm
depends on the sensitivity and specificity of the CMV IgM assay
employed (15). We thus evaluated the accuracies and efficiencies
of four different CMV IgM assays for identifying sera with low or
intermediate CMV IgG avidity among serum samples submitted
to an esoteric reference laboratory for CMV IgG avidity testing.

MATERIALS AND METHODS
Specimens. The study utilized 369 consecutive CMV IgG-positive serum
samples submitted to the Focus Diagnostics Reference Laboratory for
CMV IgG avidity testing (16); 91% of these samples were supplied by
women of childbearing age (15 to 49 years old), but no clinical data were
available for any of the patients who supplied the serum samples. Follow-
ing release of the avidity results, the samples were deidentified before the
various IgM assays were performed.

CMV IgM analysis. Four different assays cleared by the U.S. Food and
Drug Administration for measuring CMV IgM were utilized; all the assays
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were performed per the instructions from each manufacturer. A bead-
based immunofluorescent assay (BIFA) was performed using the BioPlex
system (Bio-Rad Laboratories, Hercules, CA). An IgM-capture enzyme
immunoassay (EIA) was performed using a kit purchased from Diamedix
Corporation (Miami, FL). An enzyme-linked immunofluorescent assay
(ELFA) was performed using the Vidas system (bioMérieux, Durham,
NC). A chemiluminescent immunoassay (CIA) was performed using the
Liaison system (DiaSorin, Stillwater, MN). For each assay, the results were
categorized as negative, equivocal, or positive per the guidelines indicated
in the package insert.

CMV IgG avidity. The serum samples were tested for CMV IgG avid-
ity using a commercially available CMV IgG EIA kit (Wampole Labora-
tories, Princeton, NJ) with modifications as described in the accompany-
ing article (16). Briefly, a given sample was diluted per the package insert
and added to two microtiter wells; after incubation, one well was washed
with kit-supplied wash buffer and the other well was washed with disso-
ciating buffer (wash buffer containing 6 M urea). The assay was then
finished per the instructions in the package insert, and the absorbance
values were recorded. The results were expressed as an avidity index
(AI), calculated using the formula AI � (absorbance for the well
washed with dissociating buffer/absorbance for the well washed with
kit wash buffer) � 100. AI values of �50% were interpreted as low
avidity, 51% to 59% as intermediate avidity, and �60% as high avidity.

RESULTS
Agreement between BIFA and EIAs for CMV IgM. The initial
experiments focused on comparing CMV IgM detection by BIFA
and EIA among the serum samples submitted for CMV IgG avid-
ity testing. As shown in Table 1, 24 of 369 (6.5%) serum samples
exhibited an equivocal result in one of these assays. Because an
equivocal result represents a nonnegative result and may thus
have clinical relevance, we considered an equivocal result to be
positive for the purpose of this study. The number of samples
positive for CMV IgM by BIFA (n � 105) was more than double
the number positive by EIA (n � 48). Because of this large differ-
ence, the study was expanded to include 2 additional methodolo-
gies for CMV IgM detection, the ELFA and CIA.

CMV IgM results as determined by ELFA and CIA. All 61
serum samples with qualitatively discordant BIFA and EIA results,
as well as all 46 samples with concordant positive BIFA and EIA
results, were tested by ELFA and CIA. Because of cost constraints,
ELFA and CIA were performed on only 26 of the 262 samples with
concordant negative BIFA and EIA results; these 26 serum sam-
ples included all 8 BIFA/EIA concordant negative samples with
low or intermediate IgG avidity plus 18 randomly selected concor-
dant negative samples with high IgG avidity. As with the BIFA and
EIA, equivocal ELFA or CIA results were considered positive. Ta-
ble 2 presents the ELFA and CIA results in relation to the BIFA/
EIA reactivity pattern for this panel of 133 serum samples. Most
samples with concordant positive BIFA/EIA results were also pos-
itive by ELFA and CIA. In contrast, most samples exhibiting the
discordant BIFA-positive/EIA-negative result pattern were nega-
tive by ELFA and CIA; in total, 35 serum samples positive for CMV
IgM by BIFA were negative by the other three IgM assays. Of 26
concordant negative BIFA/EIA serum samples, only 1 (4%) was
positive by both ELFA and CIA; this serum sample exhibited high
avidity.

Pairwise assessment of concordance among CMV IgM as-
says. The results in Table 2 were used to make pairwise assess-
ments of concordance between the various CMV IgM assays (Ta-
ble 3). For this analysis, the finding that 4% of the 26 concordant
negative BIFA/EIA serum samples were positive by ELFA and CIA
was extrapolated to the entire group of 262 concordant negative
BIFA/EIA samples; it was thus estimated that 10 BIFA-negative/
EIA-negative samples would be CMV IgM positive by ELFA or
CIA. The concordance levels between the three non-BIFA assays
were all �90%; in contrast, the concordance levels between the
BIFA and each of the other three assays ranged from 83% to 86%.
These lower concordance levels with BIFA were due to the 35

TABLE 1 CMV IgM results as determined by BIFA and EIA for 369
consecutive CMV IgG-positive serum samples submitted for CMV IgG
avidity testinga

BIFA results

EIA results

TotalPositive Equivocal Negative

Positive 35 11 46 92
Equivocal 0 0 13 13
Negative 2 0 262 264

Total 37 11 321 369
a Results represent the number of serum samples exhibiting the indicated BIFA and EIA
result set.

TABLE 2 CMV IgM results as determined by ELFA and CIA for 133 samples selected on the basis of BIFA and EIA results

BIFA/EIA results
No. of
samples

ELFA CIA

No. of
positive

No. of
negative QNSa

No. of
positive

No. of
negative QNSa

Positive/positive 46 43 3 0 37 8 1
Positive/negative 59 20 39 0 13 44 2
Negative/positive 2 0 1 1 0 1 1
Negative/negative 26 1 25 0 1 25 0
a QNS, quantity not sufficient for testing.

TABLE 3 Pairwise assessment of concordance between CMV IgM assays
for 369 CMV IgG-positive serum samples tested for CMV IgG aviditya

CMV IgM
assays
compared

No. of concordant
positive results

No. of concordant
negative results

Total no. (%) of
concordant
results

EIA vs ELFA 44 291 335 (91)
EIA vs CIA 39 296 335 (91)
ELFA vs CIA 54 288 342 (93)
BIFA vs EIA 46 262 308 (83)
BIFA vs ELFA 63 253 316 (86)
BIFA vs CIA 53 253 306 (83)
a The values for ELFA and CIA represent the calculated values based on the observation
that 4% of BIFA-negative/EIA-negative samples were CMV IgM positive by ELFA or
CIA, and the assumption that QNS (quantity not sufficient for testing) samples for a
given assay were IgM positive by that assay.
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serum samples positive by BIFA but negative by the other three
assays, as well as the estimated 10 samples that were IgM negative
by BIFA and EIA but positive by ELFA and CIA.

CMV IgM detection by various assays in relation to CMV IgG
avidity results. Figure 1 presents the proportions of sera that were
CMV IgM positive by the 4 IgM assays in relation to the qualitative
CMV IgG avidity result obtained. The sensitivities of the 4 IgM
assays for detecting low-avidity samples ranged from 83% to 91%
(Fig. 1). Although most serum samples with low CMV IgG avidity
were CMV IgM positive in all 4 IgM assays (19 of 23 [83%]), 2 of
23 (9%) low-avidity samples were negative in all 4 CMV IgM
assays. In contrast to the findings for the low-avidity serum group,
the intermediate-avidity serum group exhibited a wide range of
CMV IgM detection rates (35% to 74%), depending on the CMV
IgM assay used. Similarly, the CMV IgM detection rates in the
high-avidity serum group ranged from 7% to 21%.

DISCUSSION

We capitalized on the availability of a large panel of consecutive
serum samples tested for CMV IgG avidity to assess the efficacy of
an algorithm requiring CMV IgM reactivity as a criterion for IgG
avidity testing. Four different CMV IgM assays, each based on a
different methodology, were evaluated. We considered equivocal
CMV IgM results to be positive, based on our assumption that
physicians would view equivocal results as nonnegative and thus

expect samples with equivocal results to reflex to CMV IgG avidity
testing. An equivocal IgM result may indicate a waxing IgM re-
sponse soon after infection, or alternatively, a waning IgM re-
sponse several months after infection (5, 6, 11); in either of these
settings, a CMV IgG avidity result may prove clinically useful in
defining the postinfection time frame.

All 4 of the CMV IgM testing methodologies we evaluated suc-
cessfully identified �80% of the low-avidity serum samples as
IgM positive, confirming the strong link between low IgG avidity
and IgM reactivity (11, 12, 14). However, none of the 4 CMV IgM
assays identified all 23 serum samples exhibiting low IgG avidity;
BIFA missed 2 low-avidity samples, ELFA and CIA missed 3 sam-
ples, and EIA missed 4 samples. These findings extend those of
other investigators who found that a small number of low-avidity
samples were IgM negative using a single IgM assay (4, 12). Col-
lectively, our data demonstrate that if the identification of 100% of
the samples exhibiting low CMV IgG avidity is the goal of a given
laboratory avidity testing program, a reflexive algorithm requiring
CMV IgM reactivity as a criterion for CMV IgG avidity testing
should not be utilized. Rather, CMV IgG-positive sera should
move directly to avidity testing.

In situations in which budgetary and staffing issues favor the
employment of a reflexive algorithm, it is important that a labo-
ratory understand the efficiency of the CMV IgM assay selected for
use (15). We found that the number of samples meeting the cri-

FIG 1 CMV IgM reactivity by different methodologies in relation to CMV IgG avidity results for 369 consecutive CMV IgG-positive serum samples submitted
for avidity testing. The results represent the proportion of each avidity group positive for CMV IgM by the indicated methodology; the number of CMV
IgM-positive samples in the group is indicated at the top of each histogram. The ELFA and CIA values for the high-avidity group and the all-samples group were
calculated based on the observation that 4% of the BIFA-negative/EIA-negative samples were positive for CMV IgM by ELFA or CIA (see Table 2), and the
assumption that quantity-not-sufficient (QNS) samples for a given assay were IgM positive by that assay.
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terion for reflex varied �2-fold depending on the CMV IgM assay
employed; of 369 CMV IgG-positive serum samples, 105 samples
were targeted for IgG avidity testing when tested for CMV IgM by
BIFA, compared to only 48 when tested by EIA. However, the
proportion of targeted sera found to exhibit low IgG avidity was
2-fold higher for the EIA-based algorithm (19/48 [40%]) than for
the BIFA-based algorithm (21/105 [20%]). Thus, laboratories
electing to utilize a reflexive algorithm must select a CMV IgM
assay based on a balanced analysis of the number of serum samples
targeted for reflex, the proportion of targeted sera exhibiting low
IgG avidity, and the number of low-avidity samples missed by the
algorithm due to an IgM-negative result.

While our findings demonstrate that a CMV IgM/CMV IgG
avidity reflexive algorithm is effective (although not perfect) for
identifying serum samples exhibiting low avidity, they clearly
show that this type of algorithm is not effective for identifying sera
with intermediate IgG avidity. The proportion of intermediate-
avidity samples that were CMV IgM negative ranged from 26% to
65%, depending on the CMV IgM assay used. This finding is not
surprising, since intermediate IgG avidity levels are expected dur-
ing the 5- to 6-month postinfection time period, the same time
window during which IgM levels wane. Further, the clinical sig-
nificance of an intermediate CMV IgG avidity result, and thus the
need to identify sera exhibiting this result, remains unclear (15,
17). Systematic prospective studies are needed to determine the
value of an intermediate CMV IgG result in managing pregnant
women with suspected postconception primary CMV infection.

A secondary outcome enabled by our study was an assessment
of the overall concordance of the different CMV IgM assay meth-
ods employed. Although our results should be considered esti-
mates due to the limitation that only 10% of the BIFA-negative/
EIA-negative serum samples were tested by ELFA and CIA, they
support previously published data from CMV IgM method com-
parison studies (15, 17–21). The pairwise concordance rates be-
tween EIA, ELFA, and CIA were all �90%; in contrast, the con-
cordance rates of these 3 assays with BIFA were lower (84% to
86%), due in large part to sera that were positive by BIFA but not
by the other three assays. This response pattern may reflect in-
creased BIFA sensitivity, or alternatively, a higher BIFA false-pos-
itive rate. Discrimination between these two possibilities requires
prospective studies to characterize the clinical status and changing
CMV antibody profile of patients exhibiting this reactivity pat-
tern.
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