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Abstract

Background: Diagnosis of cytomegalovirus (CMV) infection is challenging because of the high rate of
asymptomatic infection and the low specificity of associated symptoms and signs. As a result, laboratory testing is
an essential aid in making an accurate diagnosis. The presence of CMV IgM is indicative of primary CMV infection.
In pregnancy, diagnosis of primary infection is important because primary maternal infection increases fetal
infection risk substantially. Fetal infection can result in serious sequelae ranging from neurological deficits to death.
Diagnosis among the immunocompromised is also critical for the timely initiation of therapy that can reduce
morbidity and mortality risk.

Methods: The IMMULITE® 2000 CMV IgM assay qualitatively detects CMV IgM antibodies in human serum or
plasma to aid in the diagnosis of current or recent CMV infection. To determine expected values in apparently
healthy subjects, 136 samples were tested. Reproducibility, normal range, and method comparison studies were
also performed to evaluate the assay’s performance. The assay’s reproducibility was evaluated across three sites.
Seven hundred and eighteen (n = 718) individual patient serum samples, which included samples from CMV IgM-
positive (n = 109, determined by the Abbott IMx CMV or the Diamedix CMV IgM assays), pregnant (n = 210), HIV-
positive (n = 30), immunosuppressed (n = 102), and transplant patients (n = 17) and from patients with potentially
cross-reacting conditions (n = 136) were evaluated in the method comparison study. The positive, negative, and
overall agreement between the IMMULITE 2000 CMV IgM assay and the VIDAS CMV IgM assay (predicate assay)
were determined.

Results: The assay demonstrated excellent reproducibility with a total CV of less than 10%. The positive, negative,
and overall agreement between the IMMULITE 2000 assay and the VIDAS assay were > 95% for the method
comparison samples. Among potentially cross-reactive samples, the overall agreement between the two assays was
96%. Similarly, among the immunocompromised and pregnant subjects, the overall agreement was ~96% and
~97%, respectively.

Conclusions: The IMMULITE 2000 CMV IgM assay demonstrated excellent reproducibility, minimal cross-reactivity,
and performance comparable to that of the VIDAS CMV IgM assay. It can aid in the diagnosis of acute CMV or
recent CMV infection by qualitatively detecting the CMV IgM antibodies in human serum or plasma.

Background
Cytomegalovirus (CMV) infection affects all age groups,
and there is no vaccine available. It is spread through
direct exposure to infected body fluids such as urine,
blood, breast milk, and saliva or via transplant of
infected organs [1,2]. CMV infections in healthy indivi-
duals are generally asymptomatic, and when symptoms

occur they are typically mild, nonspecific and self-limit-
ing. As a result, diagnosis of CMV infection is challen-
ging, and laboratory testing is an essential aid in making
an accurate diagnosis.
In pregnancy and among the immunocompromised,

CMV infection can have severe consequences, and thus,
in these groups, laboratory testing is a vital aid in facili-
tating timely, appropriate interventions. Cytomegalovirus
is the leading cause of congenital viral infection world-
wide, with an incidence of 0.5% to 3% of live births
[3,4]. It is also a leading cause of deafness and mental
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retardation. Transmission rates from mother to fetus are
dependent on the type of maternal infection. In preg-
nancies with primary infection, the rate of fetal infection
is approximately 32% to 38% [1]. In comparison, in
pregnancies with reactivation or reinfection, the rate of
fetal infection is only ~1% [1-3].
Infection in early pregnancy is associated with more

severe sequelae, and congenital CMV disease is most
likely after a primary maternal infection [1,3,4].
Among the immunocompromised, CMV infection

(primary, reinfection, or reactivation) is associated with
increased morbidity and mortality. Symptomatic CMV
infection occurs in 20% to 60% of transplant recipients
[5].
Diagnosis of CMV infection and the type of infection

is based on a combination of tests, including tests that
measure or detect IgM, IgG, or IgG avidity. CMV IgM
plays an important role in the diagnosis of CMV infec-
tion. The presence of IgM is indicative of acute or pri-
mary infection, and the presence of IgG is indicative of
past infection. When both IgM and IgG are positive, the
level of IgG avidity is used to distinguish acute/primary
infection from past infection [4]. This study assessed the
performance of the fully automated IMMULITE 2000
CMV IgM assay.

Methods
The IMMULITE 2000 CMV IgM assay is for the quali-
tative detection of IgM antibodies to CMV in human
serum or plasma, as an aid in the diagnosis of current
or recent CMV infection (Table 1). It is an automated
solid phase enzyme-linked chemiluminescent three-step
immunoassay. The VIDAS® CMV IgM assay is intended
to be used as an aid in the diagnosis of cytomegalovirus
infection (Table 1). It is an automated enzyme-linked
fluorescent immunoassay for the qualitative detection of
CMV IgM antibodies in human serum. Both the
IMMULITE and VIDAS CMV IgM assays were per-
formed according to the manufacturer’s instructions.
To evaluate the IMMULITE 2000 CMV IgM assay’s

performance, reproducibility, normal range, and method
comparison studies were performed.
The reproducibility study was conducted at three sites

using serum pools. Three serum pools were used: high

negative (70%-80% of the cutoff), around the cutoff
(110%-120% of the cutoff), and medium/high positive
(200%-250% of the cutoff). Two runs per day were con-
ducted over 5 days at each site. Each run included four
replicates of each serum pool for a total of 40 replicates
per sample at each site. Negative and positive kit con-
trols were included in each run for quality control.
To determine expected values in apparently healthy

subjects, 136 serum specimens were collected from
healthy asymptomatic subjects with no known evidence
of exposure to CMV. Samples were collected with
informed consent and Institutional Review Board
approval.
The method comparison study compared the IMMU-

LITE 2000 CMV IgM assay to the VIDAS CMV IgM
assay. A total of 718 individual patient serum samples
were tested. These included samples from from CMV
IgM-positive (109 determined by the Abbott IMx CMV
IgM or the Diamedix CMV IgM assays), pregnant (210),
HIV-positive (30), immunosuppressed (102), and trans-
plant patients (17), and from patients with potentially
cross-reactive conditions (136). Potentially cross-reacting
conditions were determined based on the results of
FDA-cleared immunoassays and included 60 antinuclear
antibody (ANA), 23 Epstein-Barr virus (EBV), 3 herpes
simplex, 25 rheumatoid factor (RF), and 25 rubella posi-
tive samples. In the analysis of sample subgroups, some
samples qualified for multiple subgroup classifications.
Positive, negative and overall agreement and 95% confi-
dence intervals were determined. Equivocal (VIDAS)
and indeterminate (IMMULITE) results were excluded
from the agreement analysis.

Results
The IMMULITE 2000 CMV IgM assay demonstrated
excellent reproducibility, minimal cross-reactivity, and
performance comparable to that of the predicate assay.
The 95th percentile values in apparently healthy subjects
supported the validity of the assay’s cutoffs.

Reproducibility
The IMMULITE 2000 assay demonstrated a total CV
across three sites of less than 10% (Table 2).

Table 1 Cutoffs of the VIDAS and IMMULITE 2000 CMV
IgM assays

VIDAS IMMULITE 2000

Signal/Cutoff
Ratio

Interpretation Signal/Cutoff
Ratio

Interpretation

< 0.7 Negative < 0.90 Nonreactive

≥ 0.7 to < 0.90 Equivocal 0.9 to < 1.1 Indeterminate

≥ 0.90 Positive ≥ 1.1 Reactive

Table 2 Reproducibility determined over 5 days at three
sites using 120 replicates per pool

Sample Days
(n)

Mean
(signal/
cutoff)

Within-
Run
(%)

Between-
Run
(%)

Between-
Site
(%)

Total
(%)

Pool 1 5 0.63 4.3 2.4 7 8.6

Pool 2 5 1.06 5.4 5.2 0.3 7.5

Pool 3 5 2.09 5.4 5.6 2.9 8.3
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Reference range among the apparently healthy
Among healthy subjects, the 95th percentile signal/cut-
off value of 0.66 was supportive of the assay’s negative
cutoff of 0.9 (Table 3).

Method comparison
The positive, negative, and overall agreement between
the IMMULITE 2000 assay and the VIDAS assay for the
method comparison study population (n = 718) was >
95% (Table 4).

Potentially cross-reactive samples
In patients with potentially cross-reacting samples (n =
136), the IMMULITE 2000 CMV IgM assay had one
reactive sample and two indeterminate samples; simi-
larly, the VIDAS CMV IgM assay had one positive sam-
ple and two equivocal samples. The samples that were
VIDAS CMV IgM positive and equivocal were ANA
positive. One IMMULITE CMV IgM reactive sample
was RF positive. Of the IMMULITE CMV IgM indeter-
minate samples, one was ANA positive and the other
was RF positive. The overall agreement between the two
assays was approximately 96% (Table 5).

Immunocompromised patients
Overall agreement between the IMMULITE 2000 assay
and the predicate assay was ~96%, for the immunosup-
pressed, ~97% for the HIV-positive, and ~92% for trans-
plant subjects (Tables 6, 7, and 8). In the
immunosuppressed population, the VIDAS assay had
one positive and one equivocal result and the

IMMULITE assay had two indeterminate results. In the
HIV-positive subjects, the VIDAS assay had one positive
and one equivocal result and the IMMULITE assay had
one reactive result. Among transplant subjects, the
VIDAS assay had one equivocal result.

Pregnancy
Overall agreement between the IMMULITE 2000 assay
and the predicate assay was approximately 97% (Table
9). The VIDAS assay had two reactive and two equivocal
results and the IMMULITE assay had three reactive and
three indeterminate results.

Discussion
CMV IgM can be detectable during new infection, reac-
tivated infection, or infected individuals who have been
recently re-exposed [4,6]. CMV IgM can aid in the diag-
nosis of primary infection, and it should be used in con-
junction with other clinical information.
The IMMULITE 2000 CMV IgM assay demonstrated

good reproducibility around the assay cutoffs with maxi-
mum total CV of 8.6% providing precise results. The
95th percentile value of 0.66 in apparently healthy sub-
jects was far below the negative cutoff value of 0.90 sup-
porting this cutoff level. The IMMULITE CMV IgM
assay demonstrated comparable performance with the
VIDAS CMV IgM assay with an overall agreement in
the method comparison study population (n = 718) of
95%. Among the various subpopulations studied, the
overall agreement ranged from 91.7% to 96.7%.
Among patients with cross-reacting conditions, inter-

pretation of CMV IgM results may be challenging
because of the potential for false-positive results. In this
study of the 136 samples from patients with potentially
cross-reacting conditions, the reactive/positive and

Table 3 The mean, median, and 95th percentile values in
apparently healthy subjects by gender

Gender n 95th Percentile Mean (95% CI) Median (95% CI)

Female 62 0.77 0.27 (0.21 to 0.33) 0.19 (0.15 to 0.30)

Male 74 0.66 0.22 (0.17 to 0.26) 0.16 (0.13 to 0.18)

Total 136 0.66 0.24 (0.21 to 0.27) 0.17 (0.14 to 0.19)

Table 4 Overall method comparison results for the
IMMULITE 2000 and VIDAS CMV IgM assays

VIDAS

IMMULITE 2000 Positive Equivocal Negative Total

Reactive 98 (13.6%) 7 (1.0%) 9 (1.3%) 114 (15.9%)

Indeterminate 1 (0.1%) 2 (0.3%) 7 (1.0%) 10 (1.4%)

Nonreactive 3 (0.4%) 9 (1.3%) 582 (81.1%) 594 (82.7%)

Total 102 (14.2%) 18 (2.5%) 598 (83.3%) 718 (100%)

Agreement IMMULITE / VIDAS 95% CI

Positive 98/102 (96.1%) 90.3 to 98.9

Negative 582/598 (97.3%) 95.7 to 98.5

Overall 682/718 (95.0%) 93.1 to 96.5

Table 5 IMMULITE 2000 and VIDAS assays results and
agreement from patients with potentially cross-reactive
samples

Agreement IMMULITE / VIDAS 95% CI

Positive 0/1 (0%) 0 to 97.5

Negative 131/133 (98%) 94.7 to 99.8

Overall 133/136 (96%) 91.6 to 98.8

Table 6 IMMULITE 2000 and VIDAS CMV assay results
and agreement for samples from immunocompromised
subjects

Agreement IMMULITE / VIDAS 95% CI

Positive 0/1 (0.0%) 0 to 97.5

Negative 87/89 (97.8%) 92.1 to 99.7

Overall 87/91 (95.6%) 89.1 to 98.8
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indeterminate/equivocal results were from patients who
were either ANA or RF positive (IMMULITE 2000
CMV IgM assay 3 results and VIDAS CMV IgM 3
results).
CMV infection can be serious and even fatal in preg-

nancy and in the immunocompromised [3-9]. Diagnosis
of active CMV infection can be accomplished through
detection of CMV DNA in body fluids; this approach
plays an important role in the immunocompromised
[8,9], and infants at risk for congenital disease [4]. This
study demonstrated a 92% to 96% agreement between
the IMMULITE 2000 and VIDAS CMV IgM assays
among immunocompromised patients. Among immuno-
compromised (transplant, HIV-infected or immunosup-
pressed) individuals CMV IgM and/or IgG antibodies
may be difficult to detect because of low titers, thus a
negative serology result should not be used in isolation
to rule-out infection [8].
CMV IgG seroprevalence, indicative of past infection,

among women of childbearing age ranges from 50% to
> 80% [4]. While seroconversion using only IgG antibo-
dies can be used to help determine when primary infec-
tion occurred, this is typically done retrospectively,
whereas, CMV IgM testing may aid in the diagnosis of
primary infection concurrently.
Diagnosis of primary CMV infection in pregnancy is

vital for establishing fetal infection risk because fetal
infection risk and serious sequelae are higher for pri-
mary infections [3,4]. Women who are seronegative for
CMV are at risk for contracting a primary infection dur-
ing pregnancy and have a much higher risk of transmit-
ting the virus to the fetus or neonate [3,4]. Furthermore,
transmission of the virus early in pregnancy is associated
with worse fetal outcomes [3]; thus CMV IgM testing
may facilitate earlier identification of high-risk pregnan-
cies and earlier fetal testing. The IMMULITE 2000
CMV IgM assay demonstrated excellent overall

agreement, 96.6%, with the VIDAS CMV IgM assay for
identification of primary infection in pregnant subjects.

Conclusions
The IMMULITE 2000 CMV IgM assay demonstrated
excellent reproducibility, minimal cross-reactivity, and
performance comparable to that of the VIDAS CMV
IgM assay. The sample population included pregnant
women; immunosuppressed, transplant, and HIV-posi-
tive patients; and individuals with potentially cross-reac-
tive infections. The IMMULITE 2000 CMV IgM assay is
a tool that can aid clinicians in the diagnosis of CMV
infection. When it is combined with the IMMULITE
2000 CMV IgG assay and other IMMULITE 2000
ToRCH tests; it can help laboratories optimize consoli-
dation of their ToRCH testing.

Author details
1Siemens Healthcare Diagnostics, Los Angeles, CA, USA. 2University of Texas
MD Anderson Cancer Center, Houston, TX, USA.

Authors’ contributions
GA compiled the initial study report and provided critical editorial
comments. TAB reviewed the data and created the manuscript. XYH
provided critical editorial comments and performed some of the studies. All
authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 22 September 2011 Accepted: 29 February 2012
Published: 29 February 2012

References
1. Cannon MJ, Davis KF: Washing our hands of the congenital

cytomegalovirus disease epidemic. BMC Public Health 2005, 5:70.
2. Cannon MJ: Congenital cytomegalovirus (CMV) epidemiology and

awareness. J Clin Virol 2009, 46(Suppl 4):S6-S10.
3. Fowler KB, Stagno S, Pass RF: Maternal immunity and prevention of

congenital cytomegalovirus infection. JAMA 2003, 289(8):1008-1011.
4. Mendelson E, Aboudy Y, Smetana Z, Tepperberg M, Grossman Z:

Laboratory assessment and diagnosis of congenital viral infections:
Rubella, cytomegalovirus (CMV), varicella-zoster virus (VZV), herpes
simplex virus (HSV), parvovirus B19 and human immunodeficiency virus
(HIV). Reprod Toxicol 2006, 21(4):350-382.

5. Brennan DC: Cytomegalovirus in renal transplantation. J Am Soc Nephrol
2001, 12(4):848-855.

6. CDC. CMV: Intepretation of laboratory tests. http://www.cdc.gov/cmv/
clinical/lab-tests.html]. Accessed 2011 December 10.

7. Razonable RR: Cytomegalovirus infection after liver transplation:current
concepts and challenges. World J Gastroent 2008, 14(31):4849-4860.

8. Kotton CN, Kumar D, Caliendo AM, et al: International consensus
guidelines on the management of cytomegalovirus in solid organ
transplantation. Transplantation 2010, 89(7):779-795.

Table 7 IMMULITE 2000 and VIDAS CMV assay results
and agreement for samples from HIV-positive subjects

Agreement IMMULITE / VIDAS 95% CI

Positive 1/1 (100.0%) 2.5 to 100

Negative 27/27 (100.0%) 87.2 to 100

Overall 28/29 (96.6%) 82.2 to 99.9

Table 8 IMMULITE 2000 and VIDAS CMV assay results
and agreement for samples from transplant subjects

Agreement IMMULITE / VIDAS 95% CI

Positive 0/0 (Undefined) Not applicable

Negative 11/11 (100.0%) 71.5 to 100

Overall 11/12 (91.7%) 61.5 to 99.8

Table 9 IMMULITE 2000 and VIDAS CMV assay results
and agreement for samples from pregnant subjects

Agreement IMMULITE / VIDAS 95% CI

Positive 1/2 (50.0%) 1.3 to 98.7

Negative 175/179 (97.8%) 94.4 to 99.4

Overall 177/183 (96.7%) 93.0 to 98.8

Bal et al. Herpesviridae 2012, 3:2
http://www.herpesviridae.org/content/3/1/2

Page 4 of 5

http://www.ncbi.nlm.nih.gov/pubmed/15967030?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15967030?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19800841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19800841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12597753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12597753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16564672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16564672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16564672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16564672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11274248?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20224515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20224515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20224515?dopt=Abstract


9. Fielding K, Koba A, Grant AD, et al: Cytomegalovirus viremia as a risk
factor for mortality prior to antiretroviral therapy among HIV-infected
gold miners in South Africa. PLoS One 2011, 6(10):e25571.

doi:10.1186/2042-4280-3-2
Cite this article as: Bal et al.: Evaluation of the IMMULITE®® 2000 CMV
IgM assay. Herpesviridae 2012 3:2.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Bal et al. Herpesviridae 2012, 3:2
http://www.herpesviridae.org/content/3/1/2

Page 5 of 5

http://www.ncbi.nlm.nih.gov/pubmed/22022413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22022413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22022413?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Reproducibility
	Reference range among the apparently healthy
	Method comparison
	Potentially cross-reactive samples
	Immunocompromised patients
	Pregnancy

	Discussion
	Conclusions
	Author details
	Authors' contributions
	Competing interests
	References

