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A B S T R A C T

Background: Dating of primary human cytomegalovirus (HCMV) infection in pregnancy is crucial to define
whether infection occurred before or during pregnancy and at which gestational age.
Objective: The aim of this study was to identify a diagnostic strategy for determination of early, intermediate and
late phase of HCMV primary infection during pregnancy.
Study design: Sequential serum samples from 40 pregnant women with defined onset of HCMV primary infection
were tested retrospectively for IgM, IgG and IgG avidity against whole HCMV lysate, along with anti-p52 IgM
and anti-gB IgG (Euroimmun AG).
Results: Anti-HCMV IgM were positive in all samples collected within the first 2 months, then decreased re-
maining weakly positive in about 40% of samples collected within 6–12 months after infection. Anti-p52 IgM
followed similar kinetics but decreased earlier, remaining weakly positive only in 20% of late samples. Anti-
HCMV IgG were positive in all samples and showed variable kinetics. Their avidity increased from low levels,
observed within 2 months, to intermediate/high levels from 4 months onwards. Anti-gB IgG increased over time
following kinetics similar to anti-HCMV IgG avidity. By combining results of anti-HCMV IgM plus IgG avidity,
and confirming them with anti-p52 IgM plus anti-gB IgG as second-line assays, the early (within 2–3 months) and
late (after 3 months) phases of HCMV infection were satisfactorily defined, whereas the intermediate phase
overlapped with the beginning of the late phase.
Conclusion: Anti-p52 IgM and anti-gB IgG provide additional tools besides classical anti-HCMV IgM, IgG and IgG
avidity in dating HCMV primary infections.

1. Background

Human cytomegalovirus (HCMV) infections are a major concern
during pregnancy, when the virus can be transmitted from mother to
fetus. HCMV infection is the most common congenital cause of im-
pairments in child development [1] with an overall estimated pre-
valence of 0.7% [2]. The rate of vertical transmission is about 30–40%
in pregnant women with primary infections [2,3], and much lower
(around 1%) in pregnant women with preconception immunity [2,4].
Moreover, the most severe sequelae in congenitally infected newborns

are the result of a primary infection occurring during the first trimester
of pregnancy [5–7].

Thus, diagnosis or exclusion of primary infection, as well as defi-
nition of the gestational age at which maternal infection occurs, are
major objectives of diagnostic monitoring during pregnancy. Since
symptoms of HCMV infection are mostly mild and non-specific [8],
determining infection onset may be difficult, especially in the absence
of routine serological monitoring for HCMV during pregnancy. Con-
ventional assays for HCMV IgM and IgG avidity determination alone are
not always reliable. HCMV-specific IgG with moderate avidity have
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occasionally been found in early stages of primary infection [9] and
HCMV-specific IgM may be detected also in subjects with past infection
[8]. In order to ameliorate the serological diagnosis of HCMV infection,
some authors observed that detection of antibodies against two anti-
genic domains of envelope glycoprotein B (gB) was useful for differ-
entiation of primary vs recurrent infections [10,11]. In addition, the use
of recombinant p52 (a non-structural DNA binding protein) was found
to improve detection of HCMV-specific IgM [12].

2. Objectives

This study aimed to analyze the kinetics of p52 IgM and gB IgG by
two novel ELISA based on recombinant antigens, with a view to iden-
tifying a diagnostic strategy to define the early, intermediate and late
stages of primary HCMV infection during pregnancy. Sequential blood
samples from pregnant women with pre-defined onset of primary
HCMV infection were analyzed.

3. Study design

3.1. Pregnant women with primary infection and controls

The population analyzed consisted of 40 pregnant women with mild
symptomatic primary HCMV infection, referred to our center between
2011 and 2013. The first available sample was collected after a median
time of 31 (range 13–106) days after the estimated onset of primary
infection and sequential samples (median: 4; range 2–6 per patient)
were obtained monthly for a median follow-up period of 252 (range:
60–464) days after onset. This population was already described in a
previous study [13]. Serum samples from 20 HCMV-seropositive preg-
nant women were collected at 10, 20, 30, 40 weeks of gestation, and
serum samples from 20 HCMV-seronegative pregnant women were
collected once as controls.

3.2. Diagnosis and timing of primary maternal HCMV infection

Diagnosis of primary maternal infection was achieved based on two
or more of the following parameters [13]: IgG seroconversion (ETI-
CYTOK-G, DiaSorin, Saluggia, Italy), HCMV-specific IgM kinetics (ETI-
CYTOK-M, DiaSorin), low IgG avidity index (AI), detection of HCMV
DNA in blood [3,8,14,15]. IgM results obtained by the commercial
assay were confirmed by an in-house capture ELISA [15]. IgG AI was
determined by an in-house ELISA [16]. Appearance of HCMV-related
symptoms defined infection onset. Biochemical and hematological signs
associated with HCMV infection were carefully reported [8]. Ser-
opositive and seronegative controls were determined by LIAISON CMV
IgGII assay (DiaSorin).

3.3. Study assays

For the study purposes, anti−HCMV IgG, IgM and IgG AI were
determined retrospectively by conventional ELISA based on cell lysate
(Euroimmun anti−HCMV ELISA IgG, Euroimmun anti−HCMV ELISA
IgM, Euroimmun anti−HCMV ELISA IgG Avidity) and by novel ELISA
based on recombinant proteins (Euroimmun anti−HCMV p52 ELISA
IgM, Euroimmun anti−HCMV gB ELISA IgG). All the ELISA
(Euroimmun AG, Luebeck, Germany) are commercially available except
anti−HCMV gB ELISA (which is based on the gB ectodomain and was
undergoing CE registration at the time). Results were semi-quantitative
(IgM) or quantitative (IgG). IgM levels were expressed as a ratio with
respect to an internal calibrator: a ratio of< 0.8 was considered ne-
gative, ≥1.1 was considered positive and intermediate results were
considered borderline. IgG levels were expressed as relative units (RU)
determined after interpolation with a calibration curve: values of< 16
RU/ml were considered negative, ≥22 RU/ml were considered positive
and intermediate values were considered borderline. IgG AI levels were

expressed as percentages and deemed low when< 40% and high
when> 60%.

3.4. Statistical analysis

Non-linear regression models were used to express the kinetics of
IgG and IgM and IgG AI. Fisher’s exact test was used to compare the
proportion of positive samples with ELISA based on different antigens.
Diagnostic algorithms were defined by combining results from i) con-
ventional anti−HCMV IgM and anti−HCMV IgG AI, ii) novel anti-p52
IgM and anti-gB IgG, or iii) a combination of the two algorithms above.
Median, interquartile range, and the 10th-90th percentiles per time
interval for each result combination were calculated.

4. Results

4.1. HCMV- and viral antigen-specific antibody response according to study
assays in HCMV-seropositive and -seronegative pregnant women

All but one of the HCMV-seronegative controls were negative ac-
cording to the anti−HCMV ELISA IgM and all controls were negative
according to HCMV IgG assay (Fig. 1 A–B). One sample (#6318) was
positive at a low level (ratio: 1.45) for IgM only. Seropositive pregnant
women were negative for IgM except for sp#018, who showed a low
(1.42) and borderline IgM ratio, and subject sp#023, who showed a low
(1.15) IgM ratio (Fig. 1A). All 20 HCMV-seropositive pregnant women
were positive according to anti−HCMV IgG (Fig. 1B) and showed high
AIs (Fig. 1C).

Anti-p52 IgM were negative in all controls tested (Fig. 1D) bar
sp#023, who was weakly positive (ratio: 1.19), also for anti−HCMV
IgM, while anti-gB IgG were negative in seronegative women and po-
sitive in seropositive women except for sp#009, who was borderline at
30 gestation weeks, and sp#011, who scored negative at three time
points (Fig. 1E).

Conventional anti−HCMV ELISA and novel ELISA based on re-
combinant proteins showed overlapping results in control subjects, al-
though anti-gB IgG were repeatedly negative in sequential samples
collected from one otherwise seropositive pregnant woman (sp#11).

4.2. Kinetics of the HCMV- and antigen-specific antibody response to
primary HCMV infection during pregnancy as determined by study assays

Anti−HCMV IgM were positive in all 54 samples collected within
the first 60 days after infection onset (Fig. 2A and Fig. S1A). IgM ratio
decreased in all but one patient (p#032, who showed an initial increase
in the second month before subsequent decrease, Fig. S1A), but were
still positive in 20/45 (44%) samples collected after 180 days and in 6/
16 samples (38%) collected after 360 days.

Anti−HCMV IgG were positive in all samples and showed variable
kinetics (increasing, decreasing or stable values) during follow-up
(Fig. 2B and Fig. S1B). IgG AI was low in almost all samples (49/54;
91%) collected within 60 days, then increased to intermediate or high
levels in all but one samples collected after 120 days (Fig. 2C and Fig.
S1C).

The anti-p52 IgM followed kinetics similar to anti−HCMV IgM
(Fig. 2D and Fig. S1D), although they became negative earlier: anti-p52
IgM were positive in 46/54 samples (85% vs 100%; p < 0.01 vs an-
ti−HCMV IgM) collected within the first 60 days and were still positive
in 9/45 samples (20% vs 44%; p=0.02 vs anti−HCMV IgM) and 3/16
samples (19% vs 38%; p= 0.43 vs anti−HCMV IgM) collected after 180
and 360 days, respectively.

As observed also for anti−HCMV IgM, patient p#032 showed an
initial increase of anti-p52 IgM in the second month after infection
(before subsequent decrease), whereas p#054 showed a longer persis-
tence at high levels and a delayed decrease of anti-p52 IgM (Fig. S1D).

Contrary to anti−HCMV IgG, anti-gB IgG increased over time after
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primary infection (Fig. 2E and Fig. S1E): only 13/54 samples (24%;
p < 0.01 vs anti−HCMV IgG) collected within the first 60 days were
positive, whereas all samples collected after 180 days were positive.

Cases with a typical antibody response are shown in Fig. 3. In

p#016 (Fig. 3A), anti−HCMV IgG remained stable while IgM decreased
rapidly: anti-p52 IgM were negative 3 months after infection while
anti−HCMV IgM became negative later. Anti-gB IgG and anti−HCMV
IgG AI followed similar kinetics, becoming either positive or

Fig. 1. Levels of (A) IgM, (B) IgG and (C) IgG avidity index (AI) by conventional ELISA using whole HCMV lysate and (D) IgM and (E) IgG by novel ELISA using
recombinant p52 (IgM) or gB (IgG) in 20 HCMV seropositive pregnant women at different gestation weeks and 20 HCMV-seronegative pregnant women (CTRL).

Fig. 2. Kinetics of antibody levels in 40 pregnant women with mildly symptomatic HCMV primary infection. (A) IgM, (B) IgG, (C) IgG avidity index (AI) determined
by conventional ELISA using whole HCMV lysate; (D) IgM, (E) IgG determined by novel ELISA using recombinant p52 (IgM) or gB (IgG). Regression curves (solid
lines) are shown with their 95% confidence interval (dotted lines).
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intermediate 2 months after infection and increasing until 7 months
after infection. In p#028 (Fig. 3B), anti−HCMV IgG increased after 6
months, while IgM decreased more slowly than in p#016: anti-p52 IgM
became negative 6 months after infection, while anti−HCMV IgM were
still positive at a low level one year after infection. Anti-gB IgG were
borderline 3 months after infection and became positive at 6 months,
then increased until one year. Finally, in p#054 (Fig. 3C), HCMV IgG
dipped before returning to levels observed in the first sample, while
both HCMV and p52 IgM decreased at a very slow rate and were both
still positive one year after infection. Also IgG AI showed slow kinetics,
remaining at low or intermediate levels 6–12 months after infection.
Conversely, anti-gB IgG increased more sharply. They were positive at 6
months after infection and continued to increase until one year.

Anti-p52 IgM appear more suitable than HCMV IgM for defining the
early phase of infection, while gB IgG generally increase over time in a

similar way to HCMV IgG AI. HCMV IgG (already positive in the first
samples tested) does not seem to be helpful in determining the infection
phase.

4.3. Combination of conventional HCMV IgM and HCMV IgG AI assays or
novel p52 IgM and gB IgG assays to detect different stages of HCMV primary
infection

In an attempt to determine three distinct stages of HCMV infection
(early, intermediate and late), results of conventional and novel ELISA
were combined. Samples with borderline results were excluded from
this analysis.

By using conventional HCMV IgM and HCMV IgG AI assays, the
three stages were defined as follows: i) early: positive IgM and low AI;
ii) intermediate: positive IgM and intermediate/high AI or negative IgM
and low AI; and iii) late: negative IgM and intermediate/high AI.
Samples with assay results corresponding to each of the three combi-
nations were collected at three time intervals from onset of infection.
The 10th to 90th percentiles of the time intervals for each result com-
bination were calculated.

According to conventional assays, the time intervals of the three
infection stages were as follows: early, within 3 months after onset of
infection; intermediate, 2–10 months after onset; and late,> 3 months
after onset (Fig. 4A).

By using novel p52 IgM and gB IgG, the three stages were defined as
follows: i) early, i.e. positive IgM and negative IgG: within 2 months
after onset of infection; ii) intermediate, i.e. positive IgM and positive
IgG or negative IgM and negative IgG: 1.5–8 months after onset (it is
noteworthy that in 7 samples from 4 patients, p52 IgM were already
negative and gB IgG not yet positive); and iii) late, i.e. negative IgM and
positive IgG:> 2.5 months after onset (Fig. 4B).

Finally, when the results of the two algorithms were combined and
novel ELISA confirmed results of conventional ELISA (i.e. the two al-
gorithms were concordant in defining the three phases, as observed in
84/136 -62%- samples), results were as follows: i) early: within 2.5
months; ii) intermediate: 2–8 months after onset; and iii) late:> 3
months after onset (Fig. 4C).

Confirming conventional ELISA results with novel ELISA may im-
prove dating of infection by reducing the number of outliers. However,
while the early and late stages are well-defined, the intermediate stage
overlaps with the beginning of the late stage.

5. Discussion

We analyzed the kinetics of p52 IgM and gB IgG after HCMV pri-
mary infection by novel ELISA based on recombinant antigens, com-
pared with conventional ELISA for detection of HCMV IgM, IgG and IgG
avidity (using whole HCMV lysate). The aim was to define a diagnostic
strategy to detect different phases of HCMV primary infection during
pregnancy.

It is well-known that detection of HCMV IgM per se is not sufficient
to diagnose an acute primary infection. The HCMV IgM may be de-
tected also in subjects with past infection as a consequence of HCMV
reactivation/reinfection or cross-reactivity or for other reasons.
Moreover, HCMV IgM may persist at low levels for months [8,17].
Although p52 and HCMV IgM followed similar kinetics, p52 IgM per-
sistence was shorter, becoming borderline/undetectable earlier than
the HCMV IgM. One drawback of this is that in some cases (15% of
samples), p52 IgM may already be negative in the first two months after
primary infection (when HCMV IgM are usually still positive).

In this study, HCMV IgG kinetics were not helpful in defining the
onset of primary infection. On the contrary, gB IgG, which increased
slowly over time, appeared more useful in dating the onset of primary
infection. The kinetics of gB IgG observed in this study differ from the
those of gB IgG observed in the same population using an ELISA de-
veloped in-house. The latter, also based on the gB ectodomain [18],

Fig. 3. Kinetics of antibody levels in individual patients. In p#016 (A) both
anti−HCMV and anti-p52 IgM become negative at early time points, whereas in
p#028 (B) anti−HCMV IgM only and in p#054 (C) both IgM are still detectable
one year after infection. AI, Avidity Index.
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showed the early appearance of gB IgG [13]. In the Euroimmun assay,
gB is directly attached to the solid phase, whereas in the in-house assay,
gB is captured by a specific monoclonal antibody. Thus, the structure of
gB (and the epitopes exposed) might be different in the two assays.
However, the fact that the Euroimmun gB IgG antibody assay was
mostly negative in the first two months after infection, and was found
to be negative also in some otherwise seropositive controls, would in-
dicate that it is unsuitable for determining HCMV serostatus but may be
considered a second-line assay.

The combination of conventional anti−HCMV IgM with IgG AI, or

novel p52 IgM with the anti-gB IgG was useful in defining three stages
of primary infection (early, intermediate and late). According to the
10th-90th percentiles of their relevant time intervals, the early stage
(mostly within 2 months after infection) and the late stage (after 6–12
months) were clearly identified, whereas the intermediate stage partly
overlapped with the late stage (mostly within 3–6 months). This
overlap was also observed with other diagnostic or in-house assays
[13].

However, outliers were observed due to IgM persistence and/or
slow maturation of IgG AI found in some individuals. This suggests that

Fig. 4. Definition of three time intervals (early, intermediate and late) after HCMV primary infection according to timing algorithms based on (A) anti−HCMV IgM
and anti−HCMV IgG avidity index (AI), (B) anti-p52 IgM and anti-gB, (C) combination of results of the two algorithms (i.e. the two algorithms were concordant in
defining the three phases, as observed in 84/136 -62%- samples). Boxes represent interquartile time (with median) and whiskers represent the 10th and 90th

percentile time interval. Grey dots represent outliers.
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some later infections should actually be defined as earlier, whereas a
rapid maturation of IgG AI may mean that some earlier infections
should actually be considered as intermediate or late. Bearing this in
mind, dating of primary HCMV infection should not be based on the
evaluation of a single sample, but on the analysis of the kinetics of
different serological parameters as determined from sequential blood
samples [8].

Novel second-line serological assays, such as the novel ELISA with
recombinant antigens, (or the ELISA for HCMV glycoprotein complexes
or neutralizing antibody assays [13]), provide additional tools to con-
firm or re-evaluate results obtained with conventional assays. Although
the numbers here are too small to draw general conclusions, we ob-
served that by using novel ELISA to confirm the dating of primary in-
fection provided by classical assays, we reduced the overlap between
the infection stages as well as the number of outliers indicating a late
infection as early or vice versa.

When results are discordant, additional analyses, such as determi-
nation of HCMV DNA in blood and assessment of HCMV-specific T-cell
immunity, could help in defining infection stage [19,20].

In conclusion, p52 IgM and gB IgG assays provide additional in-
formation in relation to dating the onset of primary infection in preg-
nancy. The results of this study indicate that the combination of novel
and conventional ELISA helps to differentiate stages of primary HCMV
infection.
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