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Solid-Phase Enzyme Immunoassay for Determination of
Antibodies to Cytomegalovirus
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A solid-phase enzyme immunoassay for the determination of immunoglobulin
G (IgG) and IgM antibodies to cytomegalovirus is described. The enzyme in-
munoassay gave reliable and consistent results which were in concordance with
those obtained by the complement fixation test and the indirect immunofluores-
cence test. Antibodies to herpes simplex and varicella-zoster viruses did not
interfere in the enzyme immunoassay for cytomegalovirus IgM antibodies. In a
few patients with IgM antibodies to Epstein-Barr virus, cytomegalovirus IgM
antibodies were also detected. False-positive cytomegalovirus IgM antibody re-
sults were observed in sera containing both the rheumatoid factor and cytomeg-
alovirus IgG antibodies. This rheumatoid factor interference was overcome by
the absorption of sera with polymerized human gamma globulin. The absorption
did not affect true cytomegalovirus IgM antibody titers. Also described is a simple
enzyme immunoassay that makes possible a more sensitive detection of the
rheumatoid factor than the latex agglutination test.

Cytomegalovirus (CMV) has been recognized
as a causative agent of viral mental retardation
in congenitally infected newborns, as well as of
postnatally acquired syndromes, including hep-
atitis, pneumonitis, and cytomegalic mononucle-
osis (13). CMV infections are common among
immunosuppressed individuals, e.g., after renal
transplantations and in recipients ofblood trans-
fusions (5). Sensitive and rapid methods for the
detection of specific immunoglobulin G (IgG)
and IgM antibodies to CMV would thus offer
valuable information to help diagnose infection
by this virus. Detection of IgM antibodies in
serum would reveal a recent or current CMV
infection, whereas that of IgG antibodies would
speak of an earlier exposure to CMV (16).
Among the serological tests for the determi-

nation of CMV antibodies, complement fixation
(CF) (4), indirect immunofluorescence (IIF) (9,
16, 24), and immunoperoxidase techniques (7)
have been commonly used. Although promising
for the assay of IgG and IgM antibodies to CMV,
radioimmunoassays (6, 12) have been bypassed
by the more elegant and hazard-free enzyme
immunoassays (EIA) (1, 2, 3, 23, 28). The precise
determination of specific IgM antibodies by IIF,
radioimmunoassay, and EIA methods presents
some difficulties owing to the presence of anti-
nuclear antibodies and the IgM class rheumatoid
factor (RF) in patients having high titers of
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specific IgG antibodies (10, 20, 23, 26, 27). False-
positive IgM antibody results have been recog-
nized and eliminated by several methods in as-
says for antibodies against different viruses. Ab-
sorption of the RF with aggregated human
gamma globulin or with IgG-coated latex parti-
cles has been used in assays for antibodies to
rubella virus (20), Epstein-Barr virus (EBV)
(10), measles virus (26), and CMV (12). Absorp-
tion of IgG antibodies with staphylococcal pro-
tein A has been used in an EIA for rubella
antibodies (17), despite the variable affinities of
this reagent for the different IgG subgroups (15)
and the fact that part of the IgM also will be
absorbed (18). Alternatively, IgM fractions have
been separated before assays by sucrose gradient
centrifugation (4, 22) or by gel filtration (21).
However, despite the realization of false-positive
IgM results in indirect immunoassays for anti-
bodies to CMV (12, 22, 23), more definitive ex-
perimental evidence on the participation of the
RF and on its elimination is needed.

In this paper we describe an EIA for the
determination of IgG and IgM antibodies to
CMV in human sera. A simple EIA for the
estimation of RF activity in sera, as well as a
method for the elimination of the RF interfer-
ence in the assay for CMV IgM antibodies by
preabsorption of sera with polymerized human
gamma globulin (PGG), are also included.

MATERIALS AND METHODS
Preparation of antigens. Confluent monolayers

of human embryonic fibroblasts in roller cultures were
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infected with CMV, strain AD-169, and grown in dou-
ble-strength Eagle minimum essential medium supple-
mented with heat-inactivated 10% calf serum at 35 to
37°C. When a 100% cythopathic effect was observed,
the cells were scraped off, washed with K2HPO4 buffer
(pH 7.2)-0.15 M NaCi (PBS), and extracted with 0.1
M glycine-NaOH-0.1 M NaCI buffer (11, 14). Control
antigen was prepared in the same way but from unin-
fected fibroblasts. The same antigens were used for
the CF and EIA tests. Nuclear antigens from CMV-
infected and uninfected fibroblasts were prepared by
the method of Schmitz et al. (23), but the sucrose
gradient centrifugation was replaced by Ficoll-400
(Pharmacia, Uppsala, Sweden) centrifugation at 2,500
x g for 15 min (H. Schmitz, personal communication).
Herpes simplex virus (HSV) and varicella-zoster virus
(VZV) CF antigens were prepared by the glycine ex-
traction method from virus grown in rabbit kidney
cells (RK-13) or human embryonic fibroblasts, respec-
tively.
Serum specimens. The study material comprised

the following serum groups: (i) sera from patients with
verified or suspected CMV infection: (ii) sera from
patients with EBV, HSV, or VZV infections; (iii) sera
from patients with detectable RF activity; (iv) sera
from healthy persons with high CMV antibody titers;
and (v) nonselected sera from healthy blood donors.
In each assay, a positive control serum (CF titer, 240;
IIF IgM antibody titer, 160) and a negative control
serum (CF titer, <10; IIF IgM antibody titer, <10)
were included. These control sera were stored in ly-
ophilized form.
Coating of the solid phase with antigen. The

correct dilutions of the CMV and control antigens
were determined by checkerboard titration against
CMV-positive and -negative control sera. A 1:75 dilu-
tion of the CF antigen was found to be optimal. Por-
tions (75 pl) of antigen solutions in 0.05 M sodium
carbonate buffer (pH 9.6) with 10 gM sodium ethyl-
mercurithiosalicylate (Merthiolate) were filled in the
wells of flat-bottom microtiter plates (Falcon 3040;
Becton, Dickinson & Co., Oxnard, Calif.) and let stand
with the tops covered at room temperature overnight
(16 to 18 h). The excess antigen was then aspirated
off, and the plates were washed twice with PBS con-
taining 0.1% Tween-20 (PBST) for about 5 min. The
plates were gently tapped dry and stored at 4°C until
use.
EIA conjugates. Horseradish peroxidase-conju-

gated pig antihuman IgG and antihuman IgM from
Orion Diagnostica (Helsinki, Finland) were used.
These were routinely diluted 1:200 with PBST con-
taining 5% porcine serum (GIBCO Diagnostics, Glas-
gow, Scotland). The conjugates were tested for cross-
reactivity toward other immunoglobulin classes and
toward viral and control antigens. Only negligible non-
specific reactivity was observed.
EIA procedure. Test and control sera were diluted

in the antigen-coated wells with PBST containing 5%
porcine serum as the diluent in fourfold steps from 1:
10 to 1:10,240. The plates were incubated at 37°C for
2 h, followed by two washes with PBST as described
above. Thereafter, all the wells except the beginning
10-fold dilution rows, which later served as blanks,
received 75 pl of peroxidase-conjugated anti-human

IgG or anti-human IgM. Incubations with conjugates
were carried out at 37°C for 90 min, followed by two
washes with PBST as before and a final wash with
PBS. The peroxidase activity bound to the wells was
assayed by adding to each well 75 pl offreshly prepared
substrate solution (1,2-phenylenediamine [1 mg/ml]
with 0.03% hydrogen peroxide in 0.05 M citric acid-
K2HPO4 buffer [pH 5.5]). After about 5 min, when
significant yellow coloration occurred in the wells, 150
p1 of 4 M H2SO4 was added to all the wells to stop the
reaction. The color intensities were quantitated by
reading the plates with a multichannel automatic pho-
tometer (Titertek Multiskan; Flow Laboratories, Inc.,
Rockville, Md.) with the vertical optical path at 450
nm. The first dilution rows that did'not receive the
enzyme conjugates served as blanks for respective
sera. Serum dilutions showing absorbance values of
2.1 times those of the respective negative controls
were considered positive for antibodies to CMV.
CF tests. Antibody titers to CMV, HSV, and VZV

antigens were measured by the standard CF test ap-
plied to a microtechnique (25).

IIF assay. IgG antibodies to EBV and IgM anti-
bodies to CMV, EBV, HSV, and VZV were determined
by HIF tests with infected cells fixed on immunofluo-
rescence slides as antigens (14). For the IgG antibody
assay, whole sera were used, and for the IgM antibody
assay, the sera were fractioned by column chromatog-
raphy on agarose, and the IgM-containing fractions
were collected for testing (21).
Determination and removal of the RF. The

presence of the RF was checked by the classical latex
agglutination (LA) test (Hyland Laboratories, Inc.,
Costa Mesa, Calif.), according to the instructions given
by the manufacturer, and by a modified EIA. In the
EIA procedure, purified human IgG (protein content,
18 mg/ml; Cappel Laboratories, Downingtown, Pa.)
was diluted 1:200 in PBS, and 100-pl amounts were
pipetted into the wells of microtiter plates. After over-
night incubation at room temperature, the excess an-
tigen was aspirated off, and the IgG-coated wells were
then fixed with 0.5% glutaraldehyde reagent (12). The
EIA was then done as described for CMV antibodies,
employing peroxidase-conjugated antihuman IgM to
detect the RF molecules bound to the IgG on the
plate.

For removal of the RF, the sera were absorbed with
heat-aggregated human gamma globulin (protein con-
tent, 160 mg/ml; Swiss Serum Institute, Berne, Swit-
zerland) which was polymerized with glutaraldehyde
(PGG) (19). In a typical run, 20 pi of serum was mixed
with 180pli ofthe appropriately diluted PGG (1 volume
of PGG plus 1 volume of PBS) and incubated at 37°C
for 1 h. For the unabsorbed control, 20 1l of serum was
mixed with 180 pi of PBS and incubated as above.
After incubation, the mixtures were centrifuge at
3,000 x g for 20 min, and the supernatants were
assayed for the RF and for CMV IgM antibody by the
EIA.
PAS absorbtion. IgG antibodies were absorbed

from sera with protein A-Sepharose (PAS, Pharmacia,
Uppsala, Sweden) with 20% (vol/vol) suspensions in
PBS as described by Leinikki et al. (17). The absorbed
sera were then assayed for CMV IgG and IgM anti-
bodies.
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RESULTS
Selection of the type of CMV antigen for

the EIA. The glycine extract CF antigen and
the nuclear antigen, with respective control an-
tigens, were compared in the EIA with a known
CMV antibody-positive serum and a negative
control serum. With both antigen types, the
nonspecific binding, as measured by the reactiv-
ity of the positive serum with control antigens
and of the negative serum with both viral and
control antigens, was sufficiently low. A constant
fmiding was that negative sera also showed a
stronger reactivity with viral than with control
antigens. This seems to indicate that in the cells,
CMV infection induces changes which nonspe-
cifically increase the binding of antibodies to the
cellular material. Both in IgG and IgM antibody
tests, however, with optimal dilution of the CF,
antigen-positive serum produced absorbance
values three to four times as high as those with
optimal dilution of the nuclear antigen. Because
the nonspecific binding to both antigen types
was almost equal, with the CF antigen, better
positive/negative differences and better assay
sensitivity were observed. Therefore, in all sub-
sequent assays, the CF antigen and the respec-
tive control antigen were used.

Specificity of EIA, CF, ane IIF tests for
CMV antibodies. Preliminary experiments
were performed with 63 sera of known CF and
IIF antibody titers and without detectable RF
activity. All sera showed negligible reactions
with the uninfected control antigen in EIA tests.
Ail known negative sera with CF titers <10
against CMV had EIA titers of '40, the arbi-
trarily selected initial dilution in our tests. Non-
speciflc reactions with the viral antigen were not
observed. The comparisons ofEIA IgG antibody
titers with CF titers and those of EIA IgM
antibody titers with IIF IgM antibody titers are
depicted in Fig. 1 and 2, respectively.
As an additional control, sera from 50 healthy

blood donors from the Cantonal Hospital of St.
Gallen were tested for CMV IgM antibodies by
the EIA. The profiles of these sera together with
those ofknown CMV IgM antibody-positive and
-negative control sera are shown in Fig. 3. All
the blood donor sera were negative for IgM
antibodies to CMV. Sera with absorbance values
matching those of the negative controls were
pooled, filtered sterile, and lyophilized to be used
as negative controls in subsequent tests. Approx-
imately 60% of these blood donor sera had IgG
antibodies to CMV when measured by the EIA,
the geometric mean titer of the positive sera
being 640.
The specificity of the EIA for IgM antibodies

to CMV was further studied by testing under

identical conditions 33 sera with IgM antibodies
to other herpesviruses, namely, EBV, HSV, and
VZV (Table 1). These sera were tested both
unabsorbed and after absorption with PAS or
with PGG to eliminate the possible interference
caused by specific IgG antibodies or by the RF,
respectively. All ofthese sera had IgG antibodies
to CMV which were effectively removed by ab-
sorption with PAS. Whereas none of the HSV
and VZV IgM antibody-positive sera showed
positivity in the CMV IgM antibody test, three
of the EBV IgM antibody-positive sera had IgM
antibodies to CMV. In two cases, the titers re-
mained even after absorption with PAS and with
PGG, thus indicating a true CMV IgM antibody
response.
Comparison of ETA and LA tests for the

assay of the RF. A total of 55 sera tested by
the Immunology Department of this Institute
by the LA method were subjected to the EIA as
described above. The two tests showed a good
correlation (Fig. 4); however, the EIA was more
sensitive. A total of 10 sera negative in the LA
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FIG. 1. Comparison of CMV IgG antibody titers
obtained by the EIA and by the CF test.
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FIG. 2. Comparison of CMV IgM antibody titers
obtained by the EIA and by the IIF test.
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test were low positives in the RF-EIA. With sera
positive by both methods, the RF-ELA produced
titers approximately 8 to 16 times as high as
those produced by the LA test.
Interference of the RF in the EIA for IgM

antibodies to CMV. Sera from different patient
groups were tested for the RF and for CMV IgM
antibodies before and after absorption with PGG
to remove the RF (Table 2). False-positive CMV
IgM antibody results were consistently observed
in sera of patients with high RF titers and oc-
casionally in sera of patients with low RF titers.
These false-positive results were effectively
eliminated by the removal of the RF with PGG
absorption. RF titers were also observed in pa-

I.

t-

tients with acute CMV infections and IgM anti-
bodies to CMV. In these cases, the PGG absorp-
tion removed the RF activity without affecting
the true CMV IgM antibody titers (patient
group 4, Table 2). The interference of the RF in
the IgM antibody assay was subsequently veri-
fied experimentally by mixing RF-positive, CMV
antibody-negative sera with RF-negative, CMV
IgG antibody-positive but IgM antibody-nega-
tive sera and showing that these serum mixtures
without true CMV IgM antibodies produced
positive results in the CMV IgM antibody assay.

DISCUSSION
Several research workers studying antibodies

to CMV have successfully employed CF anti-

s.

7.-

s.1

5

* *"1 *:w~~~~~~.........

:L!~~~~~~~~~~~~~~~......... ..........1
_aW

FIG. 3. CMV EIA IgM antibody results for sera
from 50 healthy blood donors (*) and for known
positive and negative control sera. The bars blocking
the symbols denote the limits of scatter among the
sera tested. The mean absorbance values obtained
with ail serum groups in titration against the control
antigen are shown by the broken line.
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FIG. 4. Comparison of RF titers obtained by the
EIA and by the LA test.

TABLE 1. Effect ofIgM antibodies against EBV, HSV, and VZV on the EIA for IgM antibodies to CMV
EIA for antibodies to CMV

Serum group
Total no. IgG antibody result IgM antibody result
tested Absorption of

sera' No. Titer No. Titerpositive
EBV IgG+, IgM+ 25 None 25 160-2,560 3 640-2,560

PAS 25 <40 2 320-1,280
PGG 25 160-2,560 3 320-2,560

HSV IgG+, IgM+ 5 None 5 160-640 0
PAS 5 <40 0
PGG 5 160-640 O

VZV IgG+, IgM+ 3 None 3 160-640 0
PAS 3 <40 0
PGG 3 160-640 0

aSerUm specimens were absorbed with PAS to remove IgG antibodies and with PGG to remove the RF.
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TABLE 2. Interference of the RF in the EIA for IgM antibodies to CMV'
RF titer by the EIA CMV IgM titer by the EIA No. of CMV

No. of sera IgM-positivePatient group tested Before After Before After sera after ab-
absorption absorption absorption absorption sorption

1. Healthy persons with CMV 103 <40 <40 <40 <40 0
IgG antibodies

2. Rheumatoid arthritis 14 160-10,240 <40 _40-640 <40 0
patients with CMV IgG
antibodies

3. Pregnant women with CMV 5 640-10,240 <40 640-2,560 <40-1,280 1
IgG antibodies

4. Patients with CMV 14 160-10,240 <40 160-2,560 160-2,560 14
mononucleosis
a Serum specimens from four different patient groups were assayed for the RF and for CMV IgM antibodies before and after

removal of the RF by absorption with PGG.

gens, either glycine extract or the freeze-thaw
type, for the determination of CMV antibodies
by the radioimmunoassay RIA or by the EIA (1,
2, 3, 12). Our EIA results are in agreement with
those cited above. We could not repeat the ob-
servation of Schmitz et al. (23), who found in the
EIA high numbers of nonspecific reactions when
the CF antigen was used and therefore stressed
the importance of using the nuclear antigen in
the EIA. The applicability of CF antigens in the
EIA is a major advantage as these are commer-
cially available, and the test thus becomes
adoptable by laboratories without tissue culture
facilities.
Data presented here indicate that the EIA for

CMV antibodies is both sensitive and specific.
However, it is becoming apparent that in some
patients with EBV-caused infectious mononu-
cleosis, IgM antibodies to CMV may also be
detected. This observation was originally made
by Hanshaw et al. (8) with an IIF test. A possible
explanation for this phenomenon is the manifes-
tation of common antigenic determinants be-
tween these two related herpesviruses (8).
The RF, by forming complexes with specific

IgG antibodies, is known to be capable ofcausing
false-positive IgM antibody results in indirect
immunoassays (12, 20, 23). This problem be-
comes pronounced in assays for CMV IgM an-
tibodies as CMV infection itself seems to induce
the formation of the RF (12, 29). A procedure
for the elimination of the RF interference is
therefore required in indirect immunoassays for
CMV IgM antibodies. Serum fractionation
methods (21, 22), although generally reliable, are
too laborious for large-scale routine use. The
absorption with PAS (17) is apparently useful,
but as often up to 20% of the IgM antibodies will
be absorbed (18), this may lead to a decrease in
the assay sensitivity. We therefore preferred the
absorption with PGG, which effectively removed
the RF without affecting the specific IgG and
IgM antibody titers.
The present EIA methodology seems to be

readily adaptable for diagnostic purposes. The

use of a standardized microtiter system with
automatic or semiautomatic pipetting and dilu-
tion devices and with the reading of the absorb-
ance values directly on the plate with an auto-
matic multichannel photometer makes it possi-
ble to apply the test also to large-scale testing of
routine serum specimens.

ACKNOWLEDGMENTS

The excellent technical assistance of Kaija Johansson and
Susi Seiler is greatly appreciated. We thank Helmut Schmitz,
Institute of Tropical Diseases, Hamburg, West Germany, for
personal communications and Lukas Matter and Kurt Schop-
fer, of the Institute for Medical Microbiology, St. Gallen, for
stimulating discussions.

This study was supported by a grant from The Emil Aal-
tonen Foundation, Finland, to O.M.

LITERATURE CITED

1. Booth, J. C., G. Hannington, T. A. G. Aziz, and H.
Stern. 1979. Comparison of enzyme-linked immunosor-
bent assay (ELISA) technique and complement fixation
test for estimation of cytomegalovirus IgG antibody. J.
Clin. Pathol. 32:122-127.

2. Cappel, R., F. de Cuyper, and J. de Braekeleer. 1978.
Rapid detection of IgG and IgM antibodies for cyto-
megalovirus by the enzyme-linked immunosorbent as-
say. Arch. Virol. 58:253-258.

3. Castellano, G. A., G. T. Hazzard, D. L. Madden, and
J. L. Sever. 1977. Comparison of the enzyme-linked
immunosorbent assay and the indirect hemagglutina-
tion test for detection of antibody to cytomegalovirus.
J. Infect. Dis. 136(Suppl.):337-340.

4. Cremer, N. E., M. Hoffmann, and E. H. Lennette.
1978. Analysis of antibody assay methods and classes of
viral antibodies in serodiagnosis of cytomegalovirus in-
fection. J. Clin. Microbiol. 8:153-159.

5. Fiala, M., J. E. Payne, T. V. Berne, T. C. Moore, W.
Henle, J. Z. Montgomerie, S. N. Chatterjee, and L.
B. Guze. 1975. Epidemiology of cytomegalovirus infec-
tion after transplantation and immunosuppression. J.
Infect. Dis. 132:421-433.

6. Forghani, B., N. J. Schmidt, and E. H. Lennette. 1976.
Antisera to human cytomegalovirus produced in ham-
sters: reactivity in radioimmunoassay and other anti-
body assay systems. Infect. Immun. 14:1184-1190.

7. Gerna, G., J. C. McCloud, and R. W. Chambers. 1976.
Immunoperoxidase technique for detection of antibod-
ies to human cytomegalovirus. J. Clin. Microbiol. 3:
364-372.

8. Hanshaw, J. B., J. C. Niederman, and L. N. Chessin.

50 KRISHNA ET AL. J. CLIN. MICROBIOL.



EIA FOR CMV IgG AND IgM ANTIBODIES 51

1972. Cytomegalovirus macroglobulin in cell-associated
herpesvirus infections. J. Infect. Dis. 125:304-306.

9. Hanshaw, J. B., H. J. Steinfeld, and J. C. White. 1968.
Fluorescent-antibody test for cytomegalovirus macro-
globulin. New Engl. J. Med. 279:566-570.

10. Henle, G., E. T. Lennette, M. A. Alspaugh, and W.
Henle. 1979. Rheumatoid factor as a cause of positive
reactions in tests for Epstein-Barr virus-specific IgM
antibodies. Clin. Exp. Immunol. 36:415-422.

11. Kettering, J. D., N. J. Schmidt, and E. H. Lennette.
1977. Improved glycine-extracted complement-fixing
antigen for human cytomegalovirus. J. Clin. Microbiol.
6:647-649.

12. Knez, V., J. A. Stewart, and D. W. Ziegler. 1976.
Cytomegalovirus specific IgM and IgG response in hu-
mans studied by radioimmunoassay. J. Immunol. 117:
2006-2013.

13. Krech, U., M. Jung, and F. Jung. 1971. Cytomegalovi-
rus infections of man. S. Karger, Basel, Switzerland.

14. Krech, U., M. Jung, and W. Sonnabend. 1971. A study
of complement-fixing, immunofluorescent and neutral-
izing antibodies in human cytomegalovirus infections.
Z. Immun. Allergieforsch. 141:411-429.

15. Kronvall, G., and R. C. Williams, Jr. 1969. Differences
in anti-protein A activity among IgG subgroups. J.
Immunol. 103:828-833.

16. Langenhuysen, M. M. A. C., T. H. Thé, H. O. Nieweg,
and J. G. Kapsenberg. 1970. Demonstration of IgM
cytomegalovirus antibodies as an aid to early diagnosis
in adults. Clin. Exp. Immunol. 6:387-393.

17. Leinikki, P. O., I. Shekarchi, P. Dorsett, and J. L.
Sever. 1978. Determination of virus-specific IgM anti-
bodies by using ELISA: elimination of false-positive
results with protein A-sepharose absorption and sub-
sequent IgM antibody assay. J. Lab. Clin. Med. 92:849-
857.

18. Mallinson, H., C. Roberts, and G. B. Bruce White.
1976. Staphylococcal protein A; its preparation and an
application to rubella serology. J. Clin. Pathol. 29:999-
1002.

19. Merlini, G., A. Forsgren, I. Turesson, and O. Zetter-
vall. 1979. An IgM monoclonal protein with multiple

serological specificities. Clin. Exp. Immunol. 37:276-
282.

20. Meurman, O. H., and B. R. Ziola. 1978. IgM-class rheu-
matoid factor interference in the solid-phase radioim-
munoassay of rubella-specific IgM antibodies. J. Clin.
Pathol. 31:483-487.

21. Pyndiah, N., P. Price, M. Jung, J. Wilhelm, and U.
Krech. 1977. A rapid chromatographic separation of
IgM from 50 gl of whole serum: its application to diag-
nostic tests. Experientia 33:1678-1679.

22. Robertson, P. W., V. Kertesz, and M. J. Cloonan.
1977. Elimination of false-positive cytomegalovirus mi-
munoglobulin M-fluorescent-antibody reactions with
immunoglobulin M serum fractions. J. Clin. Microbiol.
6:174-175.

23. Schmitz, H., H.-W. Doerr, D. Kampa, and A. Vogt.
1977. Solid-phase enzyme immunoassay for immuno-
globulin M antibodies to human cytomegalovirus. J.
Clin. Microbiol. 5:629-634.

24. Schmitz, H., and R. Haas. 1972. Determination of dif-
ferent cytomegalovirus immunoglobulins (IgG, IgA,
IgM) by immunofluorescence. Arch. Gesamte Virus-
forsch. 37:131-140.

25. Sever, J. L. 1962. Application of a microtechnique to viral
serological investigations. J. Immunol. 88:320-329.

26. Shirodaria, P. V., K. B. Fraser, M. Armstrong, and
S. D. Roberts. 1979. Measles virus-specific antibodies
and immunoglobulin M antiglobulin in sera from mul-
tiple sclerosis and rheumatoid arthritis patients. Infect.
Immun. 25:408-416.

27. Shirodaria, P. V., K. B. Fraser, and F. Stanford. 1973.
Secondary fluorescent staining of virus antigens by
rheumatoid factor and fluorescein-conjugated anti-IgM.
Ann. Rheum. Dis. 32:53-57.

28. Voller, A., and D. E. Bidweil. 1976. Enzyme-immuno-
assay for antibodies in measles, cytomegalovirus infec-
tions and after rubella vaccination. Br. J. Exp. Pathol.
57:243-247.

29. Wager, O., J. Rsiiïnen, A. Hagman, and E. Klemola.
1968. Mixed cryoimmunoglobulinaemia in infectious
mononucleosis and cytomegalovirus mononucleosis.
Int. Arch. Allergy Appl. Immunol. 34:345-361.

VOL. 12, 1980


