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Cord sera and antepartum maternal sera from three congenitally cytomegalovirus (CMV)-infected infants
and their mothers were CMV seronegative (titer, <8) in a complement fixation (CF) assay with a
glycine-extracted CMV AD169 antigen; sera from two of the infants and mothers were also seronegative in a
commercial indirect hemagglutination (IHA) assay with AD169 antigen. In tests with their own CMV isolates
propagated and made into glycine-extracted CF antigen, all were seropositive. When 108 random cord sera
were assayed for CF antibody with AD169, Davis, and A antigens (A is a locally derived antigen from one of
the above infants), 44 were seropositive and 54 were seronegative for all three antigens. Of the remaining 10
sera, 4 were positive for A only, 3 were positive for A and Davis only, 2 were positive for Davis and AD169 only,
and 1 was positive for AD169 only. All 10 were positive when a mixture of all three antigens was used. The IHA
assay with AD169 antigen was positive with only 4 of these 10 sera. These results suggest that up to 6% of sera
may be misclassified as seronegative in the CF and IHA assays if only a single antigen is used.

Cytomegalovirus (CMV) serologic testing has recently
been used as a means of assessing relative risks for the
transmission and acquisition of congenital, transfusion-
acquired, and transplant-associated CMV infections and
predicting the severity of such infections in high-risk popu-
lations. Yeager demonstrated that blood products that were
CMV seronegative in an indirect hemagglutination (IHA)
assay were associated with a statistically lower incidence of
symptomatic acquired CMV infections among premature
infant recipients (19). Stagno demonstrated that maternal
CMV seropositivity early in pregnancy does not prevent
congenital infections but does decrease the risk of sympto-
matic congenital infections (12). Numerous investigators
have demonstrated that CMV-seronegative recipients of
kidney, heart, and bone marrow transplants are much less
likely to develop the life-threatening complication of a dis-
seminated CMV infection if the donor organs also come from
a CMV-seronegative individual (10).
The complement fixation (CF) test for CMV antibody was

the first widely used CMV serologic assay, but it has not
been widely used for the mass screening of blood products or
organ donors because of the requirement for overnight
incubation, the need for meticulous cross-standardization of
biologic reagents, interference by anticomplementary activ-
ity, insensitivity for the detection of immunoglobulin M
(IgM)-specific CMV antibody, and questionable sensitivity
at higher titers. Other techniques, such as the IHA assay,
that avoid many of these difficulties have been more widely
used for screening. Although many different serologic tech-
niques have been used for CMV, most use only a single
strain of CMV (usually a standard laboratory strain such as
Davis or AD169) as the antigen. If a person has been infected
with a wild-type CMV strain whose antigens are not suffi-
ciently similar to the test antigen, CMV antibodies may not
be detected and the patient may be falsely misclassified as
seronegative. Waner et al. have previously demonstrated
that the use of different CMV strains as the sources of
antigens may substantially alter the results of the CF assay

(14). The influence of antigenic heterogeneity on other CMV
antibody assays has not been scrutinized.
The unexpected observation of CMV CF seronegativity in

three known congenitally CMV-infected infants and their
mothers prompted an investigation that demonstrated anti-
genic heterogeneity as a cause of false CMV seronegativity
in both the CF and IHA assays and suggested that the use of
multiple CMV strains for producing antigens or antigen
mixtures would reduce false seronegativity.

(This work was presented in part to the Midwest Society
for Pediatric Research, Chicago, Ill., 2 November 1984.)

MATERIALS AND METHODS

Patients. During a study of CMV infections among infants
admitted to our intensive-care nursery, nine infants were
identified as being congenitally infected, based on the
recovery of CMV by standard viral culturing techniques from
urine obtained at less than 5 days of age. None of the mothers
and only one infant had symptomatic CMV disease. Cord and
maternal sera were recovered from residual specimens
submitted to clinical laboratories for other tests. CMV-
specific CF antibody could not be detected on three separate
occasions in cord sera or corresponding maternal sera in three
of these infants and their mothers with a commercially
prepared CMV CF antigen made from the AD169 strain
(M. A. Bioproducts, Walkersville, Md.). Careful cross-
standardization of the antigen, guinea pig complement, sheep
erythrocytes, and anti-sheep erythrocyte antibody had been
performed, and commercially obtained CMV CF-positive and
-negative sera (M. A. Bioproducts) reacted appropriately.
Cord and corresponding maternal sera from these nine
congenitally infected infants and their mothers were used for
subsequent testing. Cord sera were also randomly selected
from healthy infants recently discharged from our normal
nursery.
CF antigens. Glycine-extracted CF antigens were prepared

locally from the AD169 and Davis strains (American Type
Culture Collection, Rockville, Md.) and from viral isolates
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from the three congenitally infected but initially CF-
seronegative infants (A, B, and C) in a standard fashion (15).
Confluent monolayers of locally derived human foreskin
fibroblasts in triplicate 150-cm2 plastic tissue culture flasks
were infected with the appropriate viral strain. Fresh spec-
imens of infected urine were used for A, B, and C. Resultant
antigens were stored at -70°C. Antigens made from AD169
and Davis were titrated with antisera of a known titer for
each antigen. Antigens made fromn the wild-type strains were
titrated against commercial antisera with a known titer for
AD169 (M. A. Bioproducts). An antigen mixture was also
formulated with equal numbers of antigen units from AD169,
Davis, and A preparations, so that upon microtiter testing,
each well would receive 2 units of antigen, composed equally
of AD169, Davis, and A antigens. Control antigens were
prepared in the same manner, except that cell cultures were
not infected with virus.
CF assay. CF antibodies to CMV were assayed by the

previously described microtiter technique of Sever (11). The
titer was expressed as the reciprocal of the highest serum
dilution giving 75% fixation, as judged by the degree of
hemolysis. A titer of .8 was considered seropositive. In
each run, antigen controls, known positive and negative
sera, reagent controls, and tests for serum anticomplemen-
tary activity were incorporated. Anti-sheep erythrocyte an-
tibody, complement, and antigens were all titrated in a
standard fashion (13). Individual serum specimens from
congenitally infected infants and their mothers were assayed
in parallel against all tested antigens simultaneously. Indi-
vidual, randomly selected cord serum specimens were tested
simultaneously with only locally prepared AD169, Davis,
and A antigens.
IHA assay. A commercial test (Cetus Corporation,

Emeryville, Calif.) was used to determine if sera were IHA
seropositive or seronegative but not to determine absolute
titers. Sera were diluted 1:4 with the supplied dilution buffer
and then heat inactivated at 56°C for 30 min. Sera were then
incubated for 180 min at room temperature with reconsti-
tuted, lyophilized, tanned, CMV AD169-sensitized human
erythrocytes and nonsensitized control erythrocytes. Set-
tling patterns in U-bottom microtiter wells were then com-
pared with those produced by positive and negative control
sera. Negative sera produced discrete, compact buttons with
the sensitized cells, whereas positive sera produced a well-
dispersed "mat appearance."
IgM-IIF assay. Antibodies to CMV in C, B, and their

mothers were assayed by the IgM-specific CMV indirect
immunofluorescent-antibody (IgM-IIF) assay as previously
described (6), except that fluorescein-conjugated goat anti-
human IgM antibody (Microbiological Research Corpora-
tion, Bountiful, Utah) was used as the conjugate instead of
anti-human polyvalent immunoglobulin. The Davis strain of
CMV was used for antigen production in accordance with
the usual practice of the laboratory which performed the
assay. Inadequate serum remained for IgM-IIF testing
against antigens made from homologous virus.

RESULTS

Congenitally infected infants. Maternal and cord sera from
all three infants and their mothers who were CMV positive
but CF seronegative with commercial CMV AD169 antigen
remained seronegative upon retesting with a commerical
antigen and with a locally prepared glycine-extracted AD169
antigen. Maternal and cord sera were all seropositive when a
glycine-extracted antigen made from the homologous viral

isolates was used. All three mother-infant pairs were also
seropositive when A antigen was used, but C and B antigens
produced positive CF responses only when tested against
sera from the corresponding infant and mother. Sera from C,
B, and their mothers were seronegative when tested for IHA
antibody with the provided AD169 antigen; no A serum
remained for such testing (Table 1). No IgM-IIF was de-
tected in C, B, or their mothers with the Davis antigen.
When the six congenitally infected infants who were CF

seropositive with commercial AD169 antigen and their moth-
ers were tested with a locally prepared glycine-extracted
AD169 antigen, all remained seropositive. Upon testing with
the other locally prepared antigens, four infant-mother pairs
were positive for A, two were positive for C, and one was
positive for B. All were seropositive when tested for IHA
antibody.
Randomly selected cord sera. To further assess the impact

of antigenic heterogeneity on CMV serologic testing, we
tested 120 randomly selected cord sera for CF antibody with
locally prepared glycine-extracted AD169, Davis, and A
antigens (Table 2). Twelve sera were found to be anti-
complementary and were excluded from further analysis.
Among the remaining 108 sera, all three antigens produced
similar results in 98 sera: 54 were seronegative, and 44 were
seropositive (although CF titers varied fourfold or more in
the same serum with different antigens in 18 sera). In the
remaining 10 sera, there was evidence of antigen specificity:
4 were seropositive for A only, 3 were seropositive for A and
Davis only, 2 were seropositive for AD169 and Davis only,

TABLE 1. Serologic results for nine congenitally CMV-infected
infants and their mothers with antigens from several CMV strainsa

CF titer with indicated antigen IHA results
Subject with AD169

AD169Cb AD169L' A C B antigena

A _d 64 - ND
Mother 32 - ND

C 64 256 -
Mother 16 32 - -

B - - 32 - 64 -
Mother 8 - 16

4 32 64 32 32 16 +
Mother 32 32 32 16 16 +

5 32 32 32 +
Mother 64 64 32 +

6 16 32 32 16 +
Mother 16 16 32 8 +

7 16 16 - +
Mother 32 32 +

8 64 64 16 - +
Mother 64 128 32 +

9 8 16 +
Mother 16 32 +

" +, Well-dispersed mat at well bottom; -, compact button at well bottom;
ND, not determined.

b AD169C, Commercially prepared AD169 antigen.
' AD169L, Locally prepared AD169 antigen.
d _, Titer of <8.
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TABLE 2. CMV serologic results for 120 randomly collected
cord sera with glycine-extracted antigens from several CMV

strains

CF titer" (range) with indicated antigen
No. of sera

AD169 Davis A

54 - - -

44b + (8-128) + (8-256) + (8-128)
4 - - + (8-64)
3 - + (8-32) + (16-32)
2 + (8-16) + (16-32) -
1 + (16) - -

12 AC AC AC
a +, Titer of >8; -, titer of <8; AC, anticomplementary.
b In 18 sera, titers varied fourfold or more with different antigens.

and 1 was seropositive for AD169 only. When these 10 sera
were tested against the antigen mixture made from AD169,
Davis, and A all were seropositive.
When the 108 sera were tested in the commercial IHA test

with AD169 antigen, the 98 sera with CF concordance for all
three antigens were found to be IHA seronegative in 51 cases
and IHA seropositive in 46 cases; nonspecific agglutination
occurred in 1 case. Of the 10 sera that displayed antigen-
specific seropositivity in the CF test, only 4 were sero-

positive in the IHA test, 3 that had been CF positive for
AD169 only and 1 that had been CF positive for A and Davis
only.

DISCUSSION

The use of CMV serology to facilitate the selection of
blood products, organs for transplantation, and antenatal
counselling makes the accuracy of serologic assays critically
important. Misclassification of a patient as CMV seronega-
tive could have great impact on patient management. The
present investigation suggests that antigenic heterogeneity
among CMV strains can result in such misclassification in
both CF and IHA assays if only a single CMV strain is used
as the antigen.
The antigenic heterogeneity of CMV has been previously

noted. Weller et al. suggested this in 1960, based on

serologic cross-neutralization assays (17). Waner et al. used
antigens made from three different CMV strains in a CF
assay and found that more than 20% of sera differed fourfold
or more in titer with different strains and that 7% of sera
were CF positive for only one of three antigens (14). Beutner
et al. noted that CMV-specific lymphocyte blastogenesis was
also dependent on which of three viral strains was used as
the antigen (2). Cross-reactivity among CMV antigens is
incomplete (20). This fact is emphasized by the three pa-
tients in the present report who were CF seronegative for
commercial and locally prepared glycine-extracted AD169
antigens but strikingly CF seropositive when tested with
antigens made from their own viral isolates. The present
study suggests that the misleading effects of antigenic heter-
ogeneity are not limited to the CF assay. The commercial
IHA test, which uses AD169 antigen, failed to detect anti-
body in two congenitally infected infants who were strikingly
CF seropositive when tested with their own antigen and
failed to detect antibody in 6 of the 10 randomly selected
cord sera that were CF seropositive for selected antigens.
The IHA assay agreed completely with the CF assay for
those subjects who were seropositive with all three antigens,
except for two subjects who were CF negative but IHA
positive.
The IHA test offers the advantages of IgM sensitivity,

rapid turnaround times, and lack of interference by anticom-
plementary activity. A high incidence of nonspecific agglu-
tination is reduced by the use of glutaraldehyde-fixed human
type 0 erythrocytes and by careful attention to determining
the optimal tannic acid concentration for each cell batch
(18). The commercial IHA test insures a lower rate of
nonspecific agglutination by incorporating both features. To
absolutely confirm that antigenic heterogeneity is responsi-
ble for the IHA-seronegative but CF-seropositive wild-type
sera in the present study would require performing the IHA
assay with a battery of CMV antigens and demonstrating
that those sera are IHA seropositive for the additional
antigens. The many vagaries of the IHA assay that make a
well-standardized commercial kit so attractive make the
production of multiple, well-standardized tanned erythro-
cyte batches sensitized with different CMV antigens a chal-
lenge for a small laboratory. The observation of IHA
seronegativity with AD169 antigen in two patients who were
CF seronegative with AD169 antigen but CF seropositive
with antigens made from their own CMV isolates is strongly
suggestive of antigenic heterogeneity.
The survey of cord sera suggests that antigenic heteroge-

neity may not be a rare problem, since 7% (7 of 108) and 5%
(5 of 108) would have been misclassified as CF seronegative
if only AD169 or Davis antigen had been used, respectively.
The IHA test with AD169 antigen failed to detect antibody in
six of the sera that were CF seropositive when additional
antigens were used. The observation of a fourfold or greater
variation in the CF titer in the same serum with different
antigens in 18 of the 44 sera that were seropositive for all
three antigens further suggests antigenic heterogeneity. An
antigen made by mixing three strains of virus successfully
detected CF antibody in all 10 sera that showed antigenic
specificity. An antigen mixture could obviate the need for
separately testing sera against multiple CMV antigens. A
mixture still may not include antigens that are sufficiently
broadly reactive to detect antibodies against all CMV
strains. The use of too many strains in such a mixture may
decrease the concentration of some antigens so that inade-
quate antigen is present to detect antibodies specific for that
antigen. The selection of an appropriate serum for titrating
antigen strength and positive and negative control sera may
be more challenging. In the present study, the strength of the
antigens made from the wild-type strains was assessed with
a commercial antiserum of a known titer against AD169; it
was fortuitous that this serum cross-reacted with the wild-
type strains. In future studies it would be preferable to
assess antigen strength with serum from the subject from
whom the virus strain was originally isolated. The use of a
CMV antigen mixture made from only a few broadly reactive
strains may diminish the risk of misclassifying a patient as
seronegative because of antigenic heterogeneity.

It is possible that the observed discrepant antibody re-
sponses to antigens derived from CMV AD169 and endoge-
nous virus represent the previously described high specifity
of IgG antibodies formed early after a primary viral infection
(5, 16). IgG antibodies formed later in the immune response
are of a lower specificity and broadly cross-reactive with
related viruses, as are IgM antibodies formed from a primary
infection. Although IgM-IIF could not be detected in the
available sera with antigen-specific CF antibody responses,
the possibility of a recent primary infection cannot be
rigorously excluded since (i) IgM responses do not invari-
ably occur after a primary infection and (ii) although IgM
antibodies following a primary infection are reportedly
broadly reactive, it is possible that antigenic heterogeneity
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between the endogenous CMV strains and the Davis strain
used in the IgM-IIF assay may not have precluded detection.
Unfortunately, insufficient serum was available for IgM
retesting with additional CMV strains; since the CF
seronegativity for AD169 antigen in the three congenitally
infected infants and their mothers was unexpected, the need
for larger quantities of sera for extensive retesting was not
anticipated. Subsequent sera from these infants and their
mothers were not available to determine whether more
broadly reactive antibodies would develop with time. The
inability to exclude the chronologic evolution of antibody
specificity after a primary infection as a cause for the
observed antigen-discrepant antibody responses does not
decrease the relevance of our observations but further
suggests the need to exercise caution when interpreting
results of CMV serologic assays based on a single CMV
antigen.
The present investigation does not suggest that CF is a

better technique than IHA for the detection of CMV anti-
body. In addition to the advantages of IHA noted above, it
should be noted that anticomplementary activity precluded
CF testing in 10% of the test sera, whereas nonspecific
agglutination precluded IHA testing in only 1%. It does
appear that CMV antigenic heterogeneity may influence
CMV IHA serology as well as CMV CF serology. Most
previous studies comparing CMV serologic techniques have
used the AD169 strain as the source of antigen for each
technique or have not stated the CMV strain used (1, 3, 4, 8,
9); the effect of antigenic heterogeneity cannot be assessed in
such circumstances. Few studies have correlated serologic
results with virologic results. Fucillo et al. noted previously
that IHA antibodies were not detectable in 2 of 20 patients
with proven CMV infections (7). Further testing with other
populations and other assay techniques will be necessary to
determine the full impact of antigenic heterogeneity on the
CMV serologic classification of individual patients.

Antigenic heterogeneity among community CMV strains
may cause some sera to be misclassified as seronegative in
the CF and IHA assays if only a single antigen is used. The
use of multiple antigens or an antigenic mixture may de-
crease the incidence of such a misclassification. The possi-
bility of false CMV seronegativity caused by antigenic
heterogeneity should be considered when interpreting CMV
serologic results.
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