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Abstract Recurrent human cytomegalovirus (HCMV) infec-
tion during pregnancy could lead to congenital HCMV infec-
tion and permanent sequelae. However, knowledge regarding
the risk factors associated with recurrent HCMV infection is
limited. In the present study, 1,659 paired serum samples from
the natural population were collected in Guangxi Province,
China, from 2003 to 2004 with a 1-year interval. The serum
anti-pp150 titre was quantitatively determined using a home-
made recombinant pp150-based ELISA, and the IgG titre that
increased at least 4-fold was defined as a recurrent infection.
The HCMV seroprevalence was above 98.6% (1,636/1,659)
in Guangxi in 2003, and the infection rate during the 1-year
follow-up was approximately 10% (171/1,659). The seroneg-
ative population has the highest infection risk, while the risk
of recurrent infection in the seropositive population was neg-
atively correlated with the baseline anti-pp150 titre. With a
cutoff of 1:80 (the baseline anti-pp150 IgG titre), the sensitiv-
ity and specificity were 73.1% (125/171) and 85.7% (1,275/

1,488) respectively, and the relative risk of infection in the
high-risk group compared to the low-risk group was 10.6
(95% CI: 7.7–14.6). In conclusion, the baseline anti-pp150
IgG was negatively correlated with the risk of HCMV infec-
tion and could be an excellent predictor of HCMVinfection in
HCMV seropositive populations.

Introduction

The majority of the hazards associated with human cytomeg-
alovirus (HCMV) infection come from congenital infections
[1]. For a long time, it was believed that there would be no
serious outcomes of congenitally infected children born to
mothers with preexisting antibodies [2]. However, emerging
studies demonstrated that the risk for symptomatic infection at
birth and the sequelae in children born to mothers who are
seropositive may be similar to that in infants born to mothers
experiencing a primary infection [3–6]. These studies
underscored the importance of recurrent HCMV infection in
seropositive populations; however, knowledge regarding risk
factors associated with recurrent HCMV infection remains
scarce.

In previous studies, antibodies specific to gB (strain specif-
ic) of different HCMV strains were used for the detection of
HCMV reinfection during pregnancy [7, 8]. However, acqui-
sition of antibodies against the gB protein of new HCMV
strains would only reflect the reinfection of a specific
HCMV strain and not the reactivation of latent infection. In
these studies, we also noted that serum anti-HCMV IgG and
anti-gB IgG levels were lower in mothers whose infants had
congenital HCMV infection than those without infected in-
fants [8]. Thus, we speculated that the baseline antibody titre
may be correlated with the risk of recurrent infection.
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Different from the neutralizing antigen gB, the tegument
protein pp150 was conserved among different HCMV strains,
and it was the most immunogenic protein [9]. In the present
study, a population from a high HCMV endemic area was
serologically followed, and the serum samples were examined
with a recombinant pp150 based HCMV IgG ELISA devel-
oped in our previous study [10]. The results demonstrated that
the baseline anti-HCMV pp150 titre was negatively correlated
with the risk of HCMVinfection and an excellent indicator for
the prediction of recurrent HCMV infection episodes.

Materials and methods

Serum samples

An initial follow-up seroepidemiological study of hepatitis E
virus infection was conducted in 2003 and 2004 among eight
rural communities in Guangxi Province, China [11]. Serum
samples were taken in 2003 from 7,284 participants. A second
sample was taken 12 months later from a subpopulation of
3,431 of these individuals. After the initial study, the residual
serum samples were sealed and kept at −20 °C. Among them,
1,659 pairs of well-stored serum samples were collected from
five communities, including Binyang (BY), Guilin (GL),
Lingshan (LS), Tiandeng (TD) and Xing’an (XA), and were
used for this study. The characteristics of the participant pop-
ulation are summarized in Table 1. Additional ethical approval
for the study was obtained from the Institutional Review
Board of School of Public Health, Xiamen University.

Serological measurements

IgG detection

The anti-pp150 IgG was detected using a home-made indirect
enzyme-linked immunosorbant assay (ELISA), as previously
described [10]. The cutoff value was calculated as 0.15 +
mean OD value of the negative control, and an OD value
above the cutoff indicated a positive result. For positive sam-
ples, the serum was two-fold serially diluted from 1:10 and
then retested. The reciprocal of the highest dilution of the
serum higher than or equal to the cutoff was defined as the
titre of the serum. The anti-pp150 antibody titre of the nega-
tive serum samples was defined as 1:5.

IgM detection

The anti-HCMV IgM was detected using a commercially
available ELISA kit, ETI-CYTOK-M reverse PLUS
(DiaSorin, Saluggia, Italy), and based on an antibody capture
technique according to the user’s manual. Briefly, the micro-
plates were coated with human IgM-specific IgG antibody,

and the presence of specific IgM was detected by HRP-
conjugated monoclonal anti-CMV IgG, which can bind to
the solid-phase HCMV antigen. The optical density (OD)
was read at a wavelength of 450 nm with a reference filter
of 630 nm. The results are calculated as index values using
two replicates of the cut-off control, and samples with index
values above 1.1 indicated a positive result.

Microneutralization assay

The neutralizing activity of the serum samples were detected
by a microneutralization assay based on an ELISPOT tech-
nique previously described [12]. Different from the previously
described method, ARPE cells were used for the HCMV neu-
tralization assay, and the serum samples were serially two-fold
diluted from 1:20 and mixed with HCMV AD169. The ex-
pression of HCMV IE1 protein was immunostained by mouse
monoclonal antibody L14 (ATCC, Manassas, VA, USA) and
detected with Vectastain® ABC kits (Vector Labs,
Burlingame, CA, USA) according to the manufacturer’s pro-
tocol for better sensitivity.

The neutralization curves were then automatically plotted
by 4-PL curve fitting using GraphPad Prism® V5.00
(GraphPad Software, Inc., La Jolla, CA, USA), and the recip-
rocal of the serum dilution with 50% neutralization was deter-
mined to be the NT50 titre of each serum sample.

Definition of HCMV infection episodes

A primary HCMV infection episode is defined as that the IgG
antibody titer conversed from negative to at least 1:20 in se-
ronegative participants. A recurrent HCMV infection episode
is defined as that the IgG antibody titre increased at least 4-
fold in seropositive participants [13].

Statistical methods

Statistical analyses were performed using SPSS 18.0 (SPSS
Inc, Chicago, IL, USA). Pearson chi-square analysis was used
to determine the differences in IgG seroprevalence, IgM sero-
prevalence and recurrent HCMV infection based on gender,
age, and community. Mann–Whitney analysis was used to
compare the anti-HCMV IgG titre in different groups.
MedCalc Statistical Software version 16.2.1 (MedCalc
Software bvba, Ostend, Belgium; https://www.medcalc.org;
2016) was used to plot the receiver operating characteristic
curve (ROC) to calculate the area under the curve (AUC)
and to determine the cutoff value of the baseline anti-pp150
titre to distinguish participants with or without HCMV infec-
tion. The Youden index was defined as sensitivity +
specificity − 1.
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Results

HCMV serological profiles at baseline

The median age of the participants was 38 years old (range:
0.5–87 years), and the male to female ratio was 0.85 (762/
897). All participants were tested for HCMV IgG and IgM.
The baseline seroprevalence of anti-HCMV IgG and IgM of
the population in 2003 are 98.6% (95% CI, 97.9–99.1) and
2.1% (95% CI 1.5–2.9) respectively (Table 1). There was no
significant difference in seroprevalence based on age, gender,
or community. The geometric mean of the titre (GMT) of anti-
HCMV IgG was 285.0 (95% CI, 269.2–301.9) (Table 1), and
the distribution of anti-HCMV IgG titres is plotted in Fig. 1.

Approximately 65% of the participants had anti-HCMV IgG
titres between 1:160 and 1:640.

Changes in anti-HCMV IgG titres during follow-up

The second serum samples were collected 12 months later and
tested for antibodies against HCMV. The anti-HCMV IgG
level of the whole population remained stable (Table 2).
However, changes in the mean antibody levels are negatively
related to the baseline titre (p < 0.0001). As the baseline anti-
body titre increased, the faster the antibody titres dropped. In
subgroups with baseline antibody titres of no more than 1:80,
the mean titre increased significantly (Table 2).

Table 1 Baseline serological profiles of the participants

No. of participants IgG IgM

Positive Rate (%, 95% CI) GMT (95% CI) Positive Rate (%, 95% CI)

Total 1,659 1,636 98.6 (97.9-99.1) 269.5 (253.6-286.4) 35 2.1 (1.5-2.9)

Age group (year)

0–14 283 276 97.5 (94.9–99.0) 210.5 (181.1–244.7) 8 2.8 (1.2–5.5)

15–29 257 251 97.7 (95.0–99.2) 224.8 (192.2–262.9) 7 2.7 (1.1–5.5)

30–44 540 535 99.1 (97.9–99.7) 300.9 (271.7–333.2) 9 1.7 (0.8–3.2)

45–59 461 453 98.3 (96.7–99.3) 282.9 (251.3–318.4) 9 2.0 (0.9–3.7)

60– 118 117 99.2 (95.5–100) 362.0 (292.3–448.4) 2 1.7 (0.2–6.0)

Gender

Male 762 746 97.9 (96.6–98.8) 217.2 (198.2–238) 19 2.5 (1.5–3.9)

Female 897 890 99.2 (98.4–99.7) 323.7 (298.9–350.6) 16 1.8 (1.0–2.9)

Community

BY 498 494 99.2 (98.0–99.8) 382.9 (346.4–423.3) 12 2.4 (1.2–4.2)

GL 310 304 98.1 (95.9–99.3) 168.8 (144.5–197.2) 11 3.5 (1.8–6.2)

LS 277 272 98.2 (95.9–99.4) 281.7 (242.6–327.1) 3 1.1 (0.2–3.2)

TD 146 144 98.6 (95.1–99.8) 187.1 (150.8–232.3) 0 0.0 (0.0–2.5)

XA 428 422 98.6 (97.0–99.5) 276.6 (248.3–308.2) 9 2.1 (1.0–4.0)

Fig. 1 Frequency distribution of
the baseline anti-pp150 IgG titre
of the participants in 2003

Eur J Clin Microbiol Infect Dis (2017) 36:863–868 865



The 100 pairs of serum sampleswith different IgG titre chang-
ing ratios were selected for testing the relation of the IgG titre
changing ratio with the neutralizing antibody titre changing ratio
(Supplementary Figure 2). The results showed that the changing
ratio of IgG titres is strongly correlated with that of the neutral-
izing antibody titres (R2 = 0.69). In addition, the antibody specific
for other HCMV antigens was also elevated in the group of
participants with above 4-fold elevation in anti-pp150 IgG titre
during follow-up (Supplementary Table 1). These results indicat-
ed that the anti-pp150 IgG titre was closely associated with
HCMV infection episodes.

Correlation between baseline IgG antibody titre
and HCMV infection episodes

Of the 1,659 participants, 171 (10.3%, 95% CI 8.8–11.9) en-
countered HCMV infection episodes, as indicated by serocon-
version or with an increase greater than 4-fold in anti-HCMV
IgG titres. Among them, 19 infection episodes occurred in 23
seronegative participants (82.6%, 95% CI 55.5%–95.3%)

(primary infection), and 152 occurred in 1,636 seropositive par-
ticipants (9.3%, 95% CI 7.9%–10.9%) (recurrent infection). The
baseline anti-pp150 IgG titre of the infection episodes was sig-
nificantly lower than that of the participants without HCMV
infection (Supplementary Figure 1), and the infection risk is neg-
atively related to the baseline antibody titre (p< 0.0001) (Table 2
and Supplementary Figure 3). Participants with antibody titres no
less than 1:2,560 had the lowest infection risk (i.e., an infection
risk of zero), and seronegative participants had the highest infec-
tion risk, 82.6%. However, neither the IgM status in 2003/2004
nor the changing of anti-HCMV IgM status was correlated with
the HCMVepisodes during follow-up (Supplementary Table 3).

Performance of the baseline IgG titre in predictingHCMV
infections

The baseline anti-pp150 IgG titre was negatively correlated with
risk of HCMV infection, and it was an excellent predictor of
HCMV infection, as indicated by an AUC of 0.881 obtained
from the ROC analysis (95% CI: 0.864-0.896) (Fig. 2 and

Table 2 Changes in anti-pp150 IgG and HCMV infection during follow-up

Baseline titre in 2003 Number of samples Changes in IgG titre (04/03) a (95% CI) Infection episodes Infection rate (%) Relative risk b (95% CI)

<1:10 23 8.25 (4.64–14.65) 19 82.6 1.0

1:10 26 7.79 (4.23–14.35) 18 69.2 0.84 (0.61–1.15)

1:20 42 3.68 (2.41–5.63) 22 52.4 0.63 (0.45–0.89)

1:40 86 2.61 (1.97–3.47) 39 45.3 0.55 (0.41–0.74)

1:80 161 1.28 (1.07–1.54) 27 16.8 0.20 (0.14–0.30)

1:160 317 1.02 (0.92–1.14) 30 9.5 0.12 (0.08–0.17)

1:320 404 0.80 (0.73–0.89) 12 3.0 0.03 (0.02–0.06)

1:640 359 0.78 (0.71–0.86) 3 0.8 0.01 (0.00–0.03)

1:1280 170 0.57 (0.48–0.67) 1 0.6 0.01 (0.00–0.05)

≥2560 71 0.37 (0.27–0.51) 0 0.0 0.01 (0.00–0.14)

Seropositive 1636 0.97 (0.91–1.02) 152 9.3 0.11 (0.09–0.14)

Total 1659 0.97 (0.91–1.02) 171 10.3 -

a The geometric mean of the ratio of anti-pp150 IgG titres in 2004 relative to that in 2003.
b The risk of HCMV infection in the seronegative population was considered as a reference for relative risk calculation.

Fig. 2 ROC analysis of the
performance of baseline anti-
pp150 in prediction of the risk of
HCMV infection
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Table 3). The suggested optimal cutoff value of IgG titre by ROC
is 1:80 for the entire population, with a Youden index of 0.59,
and the sensitivity and specificity were 73.1% (95% CI: 65.8%–
79.6%) and 85.7% (95% CI: 83.8%–87.4%), respectively.
According to the cutoff, the number of individuals with a higher
risk (baseline anti-pp150 IgG titre ≤1:80) was 338 (20.4%), and
the number of individuals with a lower risk (baseline anti-pp150
IgG titre >1:80) was 1321 (79.6%) (Table 3). Among the high-
risk group, 125 participants were infected by HCMV (36.9%),
which is significantly higher than that of the low-risk group
(3.5%, 46/1,321) (relative risk = 10.6, 95% CI: 7.7-–4.6)
(Table 3).

The ROC analysis was also conducted for child-bearing
female participants (aged from 15 to 49), and similar results
have been observed (Fig. 2 and Table 3). When the cutoff was
set as 1:160, the optimal cutoff suggested by ROC analysis,
the sensitivity and specificity among child-bearing female par-
ticipants was 93.6% (95% CI: 82.5%–98.7%) and 72.6%
(95% CI 68.5%–76.4%), respectively (Table 3). The relative
risk in the high-risk group compared to the low-risk group was
29.7 (95% CI: 9.4–94.5) (Table 3).

Discussion

In pregnant women, both primary and recurrent HCMV infec-
tion can lead to congenital HCMV infection with similar clin-
ical hazards. In high prevalence areas, such as China, the
seroprevalence of HCMV could reach 90% or more, and the
majority of congenitally infected children were born to sero-
positive pregnant mothers harbouring recurrent infection [2].
For decreasing congenital HCMV-related morbidity and mor-
tality, it was valuable to find a way to identify child-bearing
females with a high risk of recurrent HCMV infection.

HCMV vaccines have been developed for decreasing
HCMV-related diseases and proved to be effective in the
HCMV seronegative population [14]. Identification of a
high-risk recurrent HCMVinfection population may help pro-
mote the study of the effectiveness of existing HCMV vac-
cines and development of new HCMV vaccines to prevent
recurrent HCMV infection or congenital infection. In the se-
ropositive population, when a pregnant woman was identified
with a high risk of HCMV infection, intervention with hyper-
immune globulin during pregnancy could help decrease the
risk of congenital HCMV infection in the infant [15]. In addi-
tion, in countries where congenital HCMVinfection screening
is not performed for all infants, once the mother was identified
with a high risk of HCMV infection during pregnancy, con-
genital HCMV screening of the infants should be conducted
after birth. Intervention could be started once the infant is
identified as congenitally infected to decrease the conse-
quences of congenital HCMV infection [15, 16].

The seroprevalence of HCMV was extremely high in
Guangxi (98.6%), and most individuals in this region have been
infectedwithHCMVat an early age, as the seroprevalence in the
group that was 0–14 years old was already 97.5% (Table 1). The
seroprevalence observed in this study was consistent with pre-
vious studies in other areas of China [17, 18]. As indicated by an
increase greater than 4-fold and by seroconversion in anti-pp150
IgG, the HCMV infection rate was approximately 10% among
the participants (9% for seropositive participants). Such charac-
teristics made this an excellent population for the study of re-
current HCMV infection, and we found that the baseline serum
anti-pp150 IgG titre was negatively correlated with the risk of
HCMV infection. The highest HCMV infection rate was ob-
served in the seronegative participants. In the seropositive pop-
ulation, the lower the baseline of the anti-pp150 level, the higher
the risk of infection (Table 2 and Supplementary Figure 3). In
addition, the ROC analysis results indicated that the conclusion

Table 3 The performance of
baseline anti-pp150 IgG titre in
predicting CMV infection
episodes

All participants Child-bearing females

Infection rate% (95% CI) 10.3 (8.9–11.9) 8.5 (6.3–11.1)

AUC (95% CI) 0.88 (0.86–0.90) 0.90 (0.87–0.92)

Cutoff value (titre) 1:80 1:160

Sensitivity% (95% CI) 73.1 (65.8–79.6) 93.6 (82.5–98.7)

Specificity% (95% CI) 85.7 (83.8–87.4) 72.6 (68.5–76.4)

Youden index 0.59 0.66

LR+ (95% CI) 5.1 (4.4–6.0) 3.4 (2.9–4.0)

LR− (95% CI) 0.3 (0.2–0.4) 0.1 (0.03–0.3)

PPV (%) (95% CI) 37.0 (31.8–42.4) 24.0 (18.0–30.9)

NPV (%) (95% CI) 96.5 (95.4–97.4) 99.2 (97.7–99.8)

Infection rate in the high-risk population 37.0 (31.8–42.4) 24.0 (18–30.9)

Infection rate in the low-risk population 3.5 (2.6–4.6) 0.8 (0.2–2.3)

Relative risk 10.6 (7.7–14.6) 29.7 (9.4–94.5)
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(the baseline antibody titre could be an excellent indicator of
HCMV infection) was also applicable in the child-bearing fe-
male population (Table 3 and Fig. 2).

Although we found that the baseline anti-pp150 IgG level
can be used to predict the risk of recurrent HCMV infection in
this study, many more studies must be conducted before this
finding becomes more clinically significant. Most important-
ly, the correlation between baseline antibody level at an early
stage of pregnancy and HCMVinfection in mothers with con-
genitally infected infants must be investigated. In addition, a
standard curve using international standards should be includ-
ed to make the results from different laboratories comparable.
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