
INTRODUCTION

Primary human cytomegalovirus (CMV) infection during

pregnancy is one of the most common causes of congenital

malformation [1]. In all, approximately 0.2-2.5% neonates

worldwide are affected by congenital CMV infection [2]. Con-

genital CMV infection occurs via the intrauterine transmis-

sion of the virus. About 90% of the newborns infected dur-

ing gestation are reported to be asymptomatic at birth, while

others show varying degree of complications from hepato-

splenomegaly, petechiae, and thrombocytopenia to more

profound symptoms, including mental retardation, motor
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Background : Primary human cytomegalovirus (CMV) infection during pregnancy is a major cause
of congenital malformation. We detected primary CMV infection in pregnant Korean women by using
an algorithm that comprises CMV IgG, IgM, and IgG avidity tests.

Methods : During a 2-month period, 744 pregnant women who were at 10-19 weeks of gestation
were consecutively enrolled in this study. Human anti-CMV IgG and IgM levels in their sera were
determined by chemiluminescence immunoassays. Serum samples from the women who were pos-
itive for CMV IgG and IgM were assayed by the ARCHITECT CMV IgG avidity test in order to distin-
guish primary from non-primary CMV infection. Gross examination of the neonates of the women who
were positive for CMV IgM was conducted.

Results : The seroprevalence of CMV IgG and IgM was estimated to be 98.1% and 1.7%, respec-
tively. The samples from all the women who were positive for CMV IgM or with grey zone results con-
tained high avidity CMV IgG. Seven women with positive CMV IgG and IgM results who completed
follow-up up to delivery showed no gross evidence of in utero CMV transmission.

Conclusions : Maternal primary CMV infection was not detected in any of the pregnant women
included in this study cohort. CMV IgG avidity test enabled the identification of women who were at
a low risk of transmitting CMV infection and provided informative for subsequent pregnancy outcomes.
Compared to previous studies, the seroprevalence of CMV IgG antibody across pregnant Korean
women remained unchanged. (Korean J Lab Med 2009;29:557-62)
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function disturbance, and hearing loss [3]. Even among the

newborns without apparent clinical manifestations at birth,

about 5-15% can develop delayed sequelae [3].

Because most infected pregnant women present only no-

nspecific symptoms, it is necessary to develop laboratory

methods to diagnose primary CMV infection [4]. The use-

fulness of conducting serologic examination of maternal

serum for CMV infection has been limited by the overlap-

ping features between primary and non-primary infection,

which does not cause severe congenital malformation and

hence does not warrant specific intervention [5-7]. There-

fore, it is important to distinguish primary infection from

non-primary infection to provide targeted prenatal care to

women who are at a high risk of transmitting CMV infec-

tion to their offspring. Recent advances in diagnostic meth-

ods have led to the development of reliable CMV IgG avidity

tests that can detect primary CMV infection with a strong

specificity of about 98% without compromising sensitivity

[8]. This has also enabled the development of an algorith-

mic screening approach that incorporates CMV IgG, IgM,

and IgG avidity tests to identify women who are at high

risk of intrauterine transmission of the virus [4].

Using these serologic tests, it has become possible to eas-

ily obtain vital information on primary CMV infection. In

Korea, although a few reports on CMV seroprevalence are

available, there are no reliable data on the incidence of pri-

mary CMV infection during pregnancy [9, 10]. Hence, we

aimed to estimate the frequency of primary CMV infection

across pregnant Korean women using a recently developed

CMV IgG avidity test.

MATERIALS AND METHODS

1. Materials

During a 2-month period, 744 pregnant Korean women

at 10-19 weeks of gestation were consecutively enrolled for

CMV serologic testing. Their serum samples were prospec-

tively screened for CMV from November to December 2008.

These women were visiting the primary women’s clinic (Mo-

taean Women’s Hospital and Dana Women Clinic) for rou-

tine antenatal care. All the subjects provided a written in-

formed consent. The mean age of the women enrolled in

this study was 21.9±7.2 yr (mean±2SD).

Serum was separated from whole blood specimens ob-

tained from the women, within 4 hr from collection. Se-

rum specimens were maintained at 2-8℃ until serological

assays were performed. Serological assays were not delayed

for more than 10 days after blood collection.

2. Methods

CMV IgG and IgM were detected in the sera of all the

women by using commercial chemiluminescence immunoas-

says (ARCHITECT i2000SR; Abbott Laboratories, Abbott

Park, IL, USA). ARCHITECT CMV IgG was a fully automat-

ed semiquantitative 2-step immunoassay incorporating viral

lysate. Assay results equal to or more than 6.0 arbitrary

units (AU)/mL were regarded as reactive. ARCHITECT CMV

IgM was a qualitative 2-step immunoassay incorporating

both viral lysate and recombinant antigen. An index value

of 0.85-0.99 was regarded as a grey zone, while indices ex-

ceeding this value were interpreted as reactive. The grey

zone results were treated in the same manner as the reac-

tive results as previously described [8].

An automated IgG avidity assay (ARCHITECT CMV IgG

Avidity; Abbott Laboratories, Abbott Park, IL, USA) was

performed to distinguish between primary and non-pri-

mary CMV infections for cases that showed reactivity both

with CMV IgG and IgM, provided adequate amount of sera

was available. The CMV IgG avidity assay comprised two

2-step immunoassays performed using chemiluminescence

technology. For each specimen, one aliquot of the sample

was pretreated with CMV lysate that resulted in the selec-

tive binding and removal of the high-avidity antibody, while

another aliquot was pretreated with the buffer without the

CMV lysate. After the completion of the chemiluminescence

reaction, the avidity of CMV IgG in the sample was calcu-

lated using the relative light units of both the tests. The

abovementioned procedures were performed automatically

once a sample was loaded onto the instrument. Results were

obtained in percentages, and the gray zone was set to 50.0-
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59.9% as per the manufacturer’s instruction. Results higher

than the gray zone indicated non-primary infection, while

those lower than the upper limit of the grey zone indicated

primary infection with a high risk of in utero CMV trans-

mission. During the entire study period, the CMV serologic

assayswere performed in accordance with the routine quali-

ty control practice as per the relevant laboratory guidelines

and manufacturer’s recommendations.

For the women with detectable serum CMV IgM level, in

utero CMV infection-related pregnancy outcome was eval-

uated on the basis of the existence of gross abnormality or

growth retardation of their neonates at birth.

3. Statistical analysis

Student’s t test was used for comparing between CMV

IgM-seropositive and CMV IgM-seronegative women in

terms of age, gestational age at the time of serologic test-

ing, body weight, and concentration of CMV IgG. The dif-

ferences were analyzed with MedCalc (MedCalc Software;

Mariakerke, Belgium), and a P value of less than 0.05 was

regarded as statistically significant.

Although ARCHITECT CMV IgM is a qualitative assay, a

signal to cutoff ratio can be obtained for this assay. For

evaluating the probability of false positivity of the assay,

a negative d value was calculated as logarithmic population

means of signal to cutoff ratios divided by the logarithmic

standard deviation of the signal to cutoff ratios [11]. The

results for the women who showed grey zone reactivity on

CMV IgM were not used for calculating the negative d value,

because these women were treated as seropositive in this

study.

RESULTS

Of the 744 pregnant women included in this study, 730

(98.1%) were seropositive for CMV IgG.

Median and 95% confidence interval of IgG concentra-

tion in the CMV IgG seronegative individuals were 0.3 and

0.10-0.58 AU/mL, respectively, while those in the seropos-

itive ones were 183.8 and 165.7-191.9 AU/mL, respectively

(Fig. 1). All the 14 samples that yielded negative results on

the CMV IgG test were also negative on the CMV IgM test.

Distribution of the signal to cutoff values of the CMV IgM

test were plotted (Fig. 2). In the CMV IgM test, samples from

10 women showed positive results and additional 3 samples

showed grey zone results. All the CMV IgM-positive sam-

ples had a signal to cutoff ratio of less than 2.0. For the

samples from individuals with negative results on the CMV

IgM test, the median signal to cutoff value was 0.2 and the

Fig. 1. Distribution of cytomegalovirus IgG concentrations in preg-
nant women. 
Abbreviation: AU, arbitrary units.
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Fig. 2. Distribution of signal to cutoff ratios on the cytomegalovirus
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negative d value was estimated to be -3.1. All the women

with positive or grey zone results on CMV IgM also showed

positive results on CMV IgG (87.9~>250 AU/mL), and their

demographical and serological characteristics are summa-

rized in Table 1. Compared with the women who showed

positive results exclusively on CMV IgG, those who showed

positive results both on CMV IgG and CMV IgM showed no

statistically significant difference in terms of age, gestational

age at the time of serologic testing, body weight, and con-

centration of CMV IgG. The CMV IgG avidity test was per-

formed on samples from 12 women who showed positive

results both on CMV IgG and CMV IgM tests. All the 12 sa-

mples showed high CMV IgG avidity index (65.2-98.2%), and

these women were determined to be at a low risk of trans-

mitting CMV infection (Table 1). The IgG avidity test was

not performed for 1 patient owing to the lack of sufficient

sample amount. Of the 12 women for whom the CMV IgG

avidity results were available, the pregnancy outcomes of

7 could be evaluated (Case 1-5, 8, and 12). None of the ne-

onates of the 7 women showed evidence of congenital CMV

infection on routine neonatal examination. Owing to the

lack of apparent indications, specific tests to rule out con-

genital CMV infection were not performed.

DISCUSSION

Primary CMV infection during pregnancy is known to be

associated with the development of congenital malforma-

tion with a 15-25% probability [3]. Although the risk in-

volved in recurrent maternal CMV infections cannot be ne-

glected, the possibility of serious sequelae such as neuro-

logic manifestations is thought to be very low [12]. There-

fore, the risk of congenital CMV infection was thought to

be closely related to the history of the infection in mothers,

thereby resulting in the existence of antibodies against CMV

before pregnancy [1]. In this study, 98.1% of the pregnant

women had CMV IgG. Seroprevalence of CMV IgM was es-

timated to be 1.7%, provided the grey zone was included.

Compared to the results of previous studies, seroprevalence

of CMV antibody across pregnant Korean women has not

changed significantly: it was 98.9% in 1984 and 96.0% in

1992 [9, 10]. Seroprevalence of CMV IgG obtained in this

study was similar to that in Japan (94%), but was higher

than that in the United States (50-88%), the UK (56-60%),

and Italy (70%) [13].

On the basis of the recommended cut off value, a nega-

tive d value of -3.1 on the CMV IgM assay was thought to

be acceptable to distinguish seronegative individuals from

the seropositive ones. Positive d values could not be cal-

*Neonatal exam, gross examination at birth.
Abbreviations: LMP, last menstrual period; CMV, cytomegalovirus; AU, arbitrary units.

Gestational age
from LMP

Weeks Days

CMV IgG CMV IgM CMV IgG avidity

AU/mL Interpretation
Signal to

Interpretation % Interpretation
cutoff ratio

Case Age
no. (yr)

Body
weight (kg)

Neonatal
exam*

1 31 16 4 47.5 87.9 Positive 1.6 Positive 85.0 High Normal
2 37 17 2 58.2 >250.0 Positive 1.5 Positive 94.7 High Normal
3 27 17 2 54.0 92.4 Positive 1.1 Positive 88.5 High Normal
4 36 15 0 53.7 101.0 Positive 1.0 Grey zone 65.2 High Normal
5 39 17 0 52.4 247.4 Positive 0.9 Grey zone 81.2 High Normal
6 26 17 4 61.2 >250.0 Positive 1.9 Positive 97.7 High Not done
7 28 16 1 63.5 237.9 Positive 1.4 Positive 98.1 High Not done
8 34 16 1 48.0 184.6 Positive 0.9 Grey zone 91.3 High Normal
9 24 16 2 99.0 94.2 Positive 1.2 Positive 98.2 High Not done

10 33 16 3 44.1 >250.0 Positive 1.0 Positive 74.6 High Not done
11 26 16 2 59.3 167.0 Positive 1.0 Positive 90.0 High Not done
12 23 15 0 64.0 140.1 Positive 1.1 Positive 80.6 High Normal
13 28 15 3 79.0 >250.0 Positive 1.2 Positive Not done Not done

Table 1. Characteristics of the women with positive results both on cytomegalovirus IgG and IgM serological tests



culated owing to the limited number of positive specimens.

Thus far, there have been no data on the frequency of

primary CMV infection during pregnancy in Korea due to

the lack of an accessible method to identify primary CMV

infection. PCR of CMV isolated from the amniotic fluid could

be a feasible approach. However, its usefulness was shown

to be significantly limited by a low diagnostic sensitivity of

30-45% prior to 21 weeks of gestation and its innate inva-

siveness [4].

Presently, the CMV IgG avidity assay seems to be one of

the most accessible tools to differentiate primary from non-

primary CMV infection with substantial reliability in patients

with CMV IgG- and IgM-positive sera. A clinical study on

31 pregnant women with recent primary CMV infection

revealed that both the currently available automated CMV

IgG avidity assays, including the ARCHITECT CMV IgG Avi-

dity assay, could identify all the pregnant women whose

CMV IgG was seroconverted within the past 4 months [8].

More specifically, in their study, ARCHITECT CMV IgG

Avidity showed a low level in all the 25 cases whose CMV

IgG was converted from negative to positive within the

past 4 months but changed to a high level after 40 weeks,

implying its applicability to detect primary CMV infection

in pregnant women [8].

Because of the high sensitivity for identifying primary

CMV infection, CMV IgG avidity tests have been occasion-

ally used in the past. However, wide ranges of the grey zone

(up to 60%) and incorporation of manual steps in the pre-

viously available assays hindered their wide acceptance in

clinical laboratories [8]. In addition, the interpretation cri-

teria recommended by the manufacturers were not always

acceptable for evaluating primary infection [4]. However,

the ARCHITECT CMV IgG Avidity has significantly addressed

these issues. According to a previously published report,

of the 100 patients with non-primary CMV infection, 24%

failed to show high level CMV IgG avidity with a previously

available alternative immunoassay, while 98% showed high

CMV IgG avidity using ARCHITECT [8]. Because ARCHI-

TECT CMV IgG Avidity has a fully automated assay pro-

cedure and a narrow grey zone of only 10%, the authors

could reliably identify women with primary infection in a

time-dependent manner using the unmodified interpreta-

tion criteria provided by the manufacturer [8]. In this study,

low avidity or grey zone avidity was not observed among

the 12 CMV IgG- and IgM-positive pregnant women who

were tested by the CMV IgG avidity test. All the women

whose samples were tested with CMV IgG avidity were th-

ought to be at a low risk of transmitting CMV infection to

their offspring, as reflected by the grossly normal neonates

of the 7 women who completed follow-up up to delivery.

Incorporation of the CMV IgG avidity test was beneficial

to determine the CMV infectious status without the require-

ment of further invasive diagnostic procedures. This might

possibly reduce the healthcare expenses incurred. Moreover,

women with high CMV IgG avidity indices could maintain

their pregnancy without the concerns of transmitting CMV

infection to their offspring.

In this study, the neonates of the women who tested pos-

itive for the virus were examined non-specifically for eval-

uating congenital CMV infection because of the minimal

level of perceived risk. No visibly identifiable sequela of in

utero CMV infection was recognized among the 7 cases that

were followed-up up to delivery.

In Korea, although national surveillance system or autho-

rized recommendation for population-based screening has

not yet been performed, congenital CMV infections with

serious sequelae have been posing as a serious issue [14,

15]. Although rubella was considered as the most signifi-

cant pathogen that causes congenital malformation, inc-

reasing evidence of universal vaccination will eliminate

most of rubella-induced congenital malformation cases. In

contrast, congenital CMV infection remains a serious issue

owing to the relatively low level of awareness and absence

of vaccination. In Korea, serologic screening is not widely

used for maternal CMV infection and no consensual stan-

dards of prenatal care have yet been established. Our study

indicates that CMV screening in pregnant women would

probably gain more importance in the future antenatal care,

and the diagnostic value of reliable and readily accessible

serologic tests would be recognized in the future. This study

also showed that the automated serological screening incor-

porating CMV IgG avidity test enables the easy identifica-
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tion of individuals with non-primary CMV infection and can

efficiently differentiate pregnant women at a lower risk of

intrauterine CMV transmission from those at a higher risk.

REFERENCES

1. Stagno S, Pass RF, Cloud G, Britt WJ, Henderson RE, Walton PD, et

al. Primary cytomegalovirus infection in pregnancy. Incidence, trans-

mission to fetus, and clinical outcome. JAMA 1986;256:1904-8.

2. Stagno S, Pass RF, Alford CA. Perinatal infections and maldevelop-

ment. Birth Defects Orig Artic Ser 1981;17:31-50.

3. Stagno S and Whitley RJ. Herpesvirus infections of pregnancy. Part

I: cytomegalovirus and epstein-barr virus infections. N Engl J Med

1985;313:1270-4.

4. Munro SC, Hall B, Whybin LR, Leader L, Robertson P, Maine GT,

et al. Diagnosis of and screening for cytomegalovirus infection in

pregnant women. J Clin Microbiol 2005;43:4713-8.

5. Boppana SB, Fowler KB, Britt WJ, Stagno S, Pass RF. Symptomatic

congenital cytomegalovirus infection in infants born to mothers with

preexisting immunity to cytomegalovirus. Pediatrics 1999;104:55-60.

6. Boppana SB, Rivera LB, Fowler KB, Mach M, Britt WJ. Intrauterine

transmission of cytomegalovirus to infants of women with precon-

ceptional immunity. N Engl J Med 2001;344:1366-71.

7. Gaytant MA, Rours GI, Steegers EA, Galama JM, Semmekrot BA.

Congenital cytomegalovirus infection after recurrent infection: case

reports and review of the literature. Eur J Pediatr 2003;162:248-53.

8. Lagrou K, Bodeus M, Van Ranst M, Goubau P. Evaluation of the

new architect cytomegalovirus immunoglobulin M (IgM), IgG, and

IgG avidity assays. J Clin Microbiol 2009;47:1695-9.

9. Park HK. Study of cytomegalovirus and Herpes simplex virus anti-

bodies in Korean pregnant women with complement fixation test.

Ewha Med J 1984;7:191-7. (박혜경. 한국인 임산부의 cytomegalovirus

와 Herpes simplex virus의 보체결합항체 보유에 관한 연구. 이화의대

지 1984;7:191-7.)

10. Sohn YM, Park KI, Lee C, Han DG, Lee WY. Congenital cytomega-

lovirus infection in Korean population with very high prevalence

of maternal immunity. J Korean Med Sci 1992;7:47-51.

11. Crofts N, Maskill W, Gust ID. Evaluation of enzyme-linked immuno-

sorbent assays: a method of data analysis. J Virol Methods 1988;22:

51-9.

12. Huang ES, Alford CA, Reynolds DW, Stagno S, Pass RF. Molecular

epidemiology of cytomegalovirus infections in women and their

infants. N Engl J Med 1980;303:958-62.

13. Kenneson A and Cannon MJ. Review and meta-analysis of the epi-

demiology of congenital cytomegalovirus (CMV) infection. Rev Med

Virol 2007;17:253-76.

14. Kim S and Choi SJ. Two cases of prenatal diagnosis of congenital

cytomegalovirus infection. Korean J Obstet Gynecol 2004;47:564-8.

(김산 및 최상준. 산전에 진단된 태아 거대바이러스 감염 2예. 대한산부

인과학회지 2004;47:564-8.)

15. Cho GJ, Oh MJ, Chung JW, Chung OS, Lee JK, Hur JY, et al. A case

of congenital cytomegalovirus infection with severe hydrocephalus

in prenatal ultrasonography. Korean J Obstet Gynecol 2004;47:2224-

8. (조금준, 오민정, 정재원, 정언석, 이재관, 허준용 등. 산전 초음파상

중증의 태아 수두증 소견을 보인 선천성 거대세포바이러스 감염 1예.

대한산부인과학회지 2004;47:2224-8.)

562 Soyeon Seo, YoungSook Cho, and Joonseok Park


