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Developing a vaccine to prevent congenital cytomegalovirus (CMV) infection and newborn disability requires an understanding of
infection incidence. In a prospective cohort study of 363 adolescent girls (NCT01691820), CMV serostatus, primary infection, and
secondary infection were determined in blood and urine samples collected at enrollment and every 4 months for 3 years. Baseline
CMV seroprevalence was 58%. Primary infection occurred in 14.8% of seronegative girls. Among seropositive girls, 5.9% had
>4-fold increase in anti-CMV antibody, and 23.9% shed CMV DNA in urine. Our findings provide insights on infection
epidemiology and highlight the need for more standardized markers of secondary infection.
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Lay summary. Cytomegalovirus (CMV) can be passed from a woman to her unborn baby during pregnancy, which can result
in disabilities in the baby. This can happen after a first infection with the virus during pregnancy, after a subsequent infection with a
different strain (“reinfection”), or after “reactivation”, which means that a virus present from a previous infection becomes active
again. Vaccinating adolescent girls against CMV may be a future strategy to help prevent CMV infection during pregnancy. To
provide information to design trials evaluating a CMV vaccine, it is important to know how common primary/secondary CMV
infection is in adolescent girls and if this can be measured with available tools. We followed adolescent girls living in Finland,
Mexico or the United States for three years. At study start, 58% of these girls showed evidence of previous CMV infection.
During the three-year follow-up, a first CMV infection occurred in 15% of girls, and reinfection or reactivation in 6% to 24% of
girls (depending on the method used). The obtained estimates of CMV infection rates in adolescent girls provide valuable
information for future studies to evaluate CMV vaccines, but standardized markers for secondary infection are needed.

BACKGROUND disability occurs both after primary and secondary infection,

Congenital cytomegalovirus (cCMV) infection is a major cause
of sensorineural hearing loss and neurodevelopmental disabil-
ities [1], with a birth prevalence of 0.2% to 6.2% [2].

In utero transmission of CMV to the fetus can occur after a
primary infection in seronegative pregnant women or after a
secondary infection in women with preexisting immunity, as
a result of reactivation of latent virus or reinfection with a
new viral strain [3-5]. Studies have shown that cCMV -related
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and in countries with high CMV seroprevalence, the majority
of cCCMV infections and sequelae occur following maternal sec-
ondary CMV infection [6].

Different target populations, including adolescent girls, are
being considered for the evaluation of vaccines to prevent
cCMYV infection following both primary and secondary infec-
tion during pregnancy. The aim of the current study was to es-
timate the incidence of primary and secondary CMV infections
in adolescent girls; this information is crucial for the design of
vaccine studies in the adolescent population.

METHODS

Study Design, Participants, and Procedures

This prospective, multicenter study (ClinicalTrials.gov identifi-
er NCT01691820) was performed between October 2012 and
April 2017 in Mexico (1 center), Finland (2 centers), and the
United States (US; 2 centers)—3 countries with an estimated
CMV seroprevalence of 68% or more in women of childbearing
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age [7]. The study was conducted in accordance with the
Declaration of Helsinki, Good Clinical Practice guidelines,
and all applicable regulatory requirements. The protocol (avail-
able on https://www.gsk-studyregister.com/en/trial-details/?
id=115639), and other study-related documents were approved
by the appropriate ethics committees or institutional review
boards.

After providing written informed consent/assent, adolescent
girls aged 10-17 years were enrolled and followed for 3 years,
with site visits every 4 months (Supplementary Figure 1).
detailed in the
Supplementary Material. Blood and urine samples were collected

Inclusion and exclusion criteria are
from the participants at each visit (months 0-36) (Supplementary
Figure 1). Sociodemographic and behavioral data were collected
through a questionnaire at months 0, 12, 24, and 36.

Participants were enrolled regardless of their CMV serosta-
tus (seropositive [S'] or seronegative [S7]). To determine tar-
get enrollment, CMV serostatus was based on results from
external laboratories (Supplementary Material). However,
for the analyses presented here, baseline serostatus was based
on GSK’s anti-CMV tegument immunoglobulin G (IgG)
enzyme-linked immunosorbent assay (ELISA) in serum
(Supplementary Material).

A secondary CMV infection (reinfection or reactivation) in
baseline S* participants was defined as either a >4-fold increase
in serum anti-CMV tegument IgG concentrations between con-
secutive visits or detection of CMV DNA in urine, in adolescent
girls who were CMV DNA-negative in urine at the previous visit.
CMYV DNA in urine was determined by real-time quantitative po-
lymerase chain reaction (qQPCR), based on amplification of the
phosphoprotein 65 (pp65) gene (Supplementary Material).

The occurrence of primary CMV infection was defined as the
appearance of anti-CMV tegument IgG antibodies in baseline
CMV S~ adolescent girls (i.e., seroconversion). We also exam-
ined sociodemographic or behavioral factors associated with
baseline CMV seropositivity, and concordance of the baseline
serostatus from testing at the external laboratories with
GSK’s anti-CMV tegument IgG ELISA.

Statistical Analysis

The target was to evaluate approximately 200 baseline S* ado-
lescent girls. To achieve this, approximately 240 S* girls had to
be enrolled, assuming a dropout rate of 15%-20%. Considering
a conservative CMV infection rate of 2% per year, 12 baseline
S* participants were expected to have a secondary infection
during the 3-year study.

Baseline characteristics were summarized using descriptive
statistics. The incidence of secondary infection was evaluated
using descriptive statistics on baseline S™ participants. The per-
centage of baseline S* participants with a >4-fold increase in se-
between

rum anti-CMV  tegument IgG concentrations

consecutive visits was calculated with 95% confidence intervals

(CIs). Although a >4-fold increase was used as a proxy for sec-
ondary infection, we also examined data on >2-fold increase.
The percentage of baseline S* participants with the presence
of CMV DNA in urine was calculated with 95% Cls, based
on detection of CMV DNA load of >0 copies/mL in a sample
if the previous sample was negative.

To estimate the incidence of primary CMV infection, we cal-
culated (with 95% CI) the proportion of baseline S” participants
with an anti-CMV tegument IgG concentration >1.136 EU/mL
at any of the follow-up visits.

Concordance of the baseline serostatus results between the
external laboratories and GSK’s anti-CMV tegument IgG
ELISA was evaluated using a McNemar test.

To identify risk factors associated with baseline CMV sero-
positivity, univariate and multivariate analyses were performed
(Supplementary Material).

Statistical analyses were performed using SAS Life Science
Analytics Framework (SAS Institute Inc., Cary, North
Carolina, US).

RESULTS

Of the 363 adolescent girls enrolled, 299 completed the study
and 64 were withdrawn (Supplementary Figure 2); 210 were
CMV S" and 152 were CMV S~ at baseline based on GSK’s
anti-CMV ELISA (serostatus was missing for 1 participant).
Hence, baseline CMV seroprevalence was 58% overall and
highest in Mexico (75% vs 48% in the US and 38%
in Finland) (Supplementary Table 1). The mean age at baseline
was similar in the S* and S~ groups (Supplementary Table 1).

Secondary CMV Infections

Anti-CMYV tegument IgG results were available for at least 1
postbaseline visit in 204 of 210 baseline S* participants.
Twelve of these (5.9% [95% CI, 3.1%-10.0%]) had a >4-fold in-
crease in anti-CMV tegument IgG concentration during
follow-up (Table 1). A >2-fold increase in antibody levels
was observed in 36 of 204 participants (17.6% [95% CI,
12.7%-23.6%)).

Urine CMV PCR results were available for at least 1 postba-
seline visit in 197 of 210 S* participants, and CMV shedding
was observed at >1 timepoint during follow-up in 47 of 197
(23.9% [95% CI, 18.1%-30.4%]) participants (Table 1).

Primary CMV Infections

Anti-CMV tegument IgG results were available for at least 1
postbaseline visit in 149 of 152 baseline S~ participants, with
seroconversion observed in 22 of 149 (14.8% [95% CI,
9.5%-21.5%]) participants during follow-up (Table 2).

Concordance of Baseline Serostatus
Based on GSK’s anti-CMV tegument ELISA cutoff of 1.136 EU/
mL, 58% of participants were S* at baseline, compared to 60%
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Table 1.

Percentage of Baseline Cytomegalovirus (CMV)-Seropositive Participants With Increases in Serum Anti-CMV Tegument Immunoglobulin G

Concentrations Between Consecutive Timepoints or With Detection of CMV DNA in Urine Without CMV DNA at the Previous Timepoint, by Visit

(Per-Protocol Set)

Serum Anti-CMV Tegument IgG

>4-Fold Increase

>2-Fold Increase Urine CMV DNA

Timepoint (Study Month) No. no. % (95% CI) no. % (95% CI) No. no. % (95% CI)
Month 4 202 2 1.0 (0.1-3.5) 5 2.5(0.8-5.7) 195 7 3.6 (1.5-7.3)
Month 8 197 1 0.5(0.0-2.8) 5 2.5(0.8-5.8) 190 10 5.3 (2.6-9.5)
Month 12 198 3 1.5 (0.3-4.4) 6 3.0(1.1-6.5) 191 10 5.2 (2.56-9.4)
Month 16 196 0 0.0 (0.0-1.9) 1 0.5 (0.0-2.8) 190 9 4.7 (2.2-8.8)
Month 20 191 2 1.0 (0.1-3.7) 5 2.6 (0.9-6.0) 185 3] 1.6 (0.3-4.7)
Month 24 189 2 1.1 (0.1-3.8) 6 3.2(1.2-6.8) 183 8 4.4 (1.9-8.4)
Month 28 188 1 0.5 (0.0-2.9) 5 2.7 (0.9-6.1) 182 6 3.3(1.2-7.0)
Month 32 184 1 0.5 (0.0-3.0) 1 0.5 (0.0-3.0) 177 3 1.7 (0.4-4.9)
Month 36 180 0 0.0 (0.0-2.0) 3 1.7 (0.3-4.8) 177 7 4.0 (1.6-8.0)
Up to month 367 204 12 5.9 (3.1-10.0) 36 17.6 (12.7-23.6) 197 47 23.9(18.1-30.4)

The per-protocol set included all enrolled participants with serology results available and no major protocol deviations (or other reasons) leading to exclusion. No. indicates number of
participants with available results at the indicated timepoint; no. indicates number of participants with a >4-fold or a >2-fold increase in anti-CMV tegument IgG at the indicated timepoint
compared to the previous timepoint with available results, or with >0 copies/mL CMV DNA in urine at the indicated timepoint and 0 copies/mL CMV DNA at the previous timepoint with

CMV DNA results available.
Abbreviations: Cl, confidence interval; CMV, cytomegalovirus; IgG, immunoglobulin G.

#Participants with a >4-fold or >2-fold increase or with >0 copies/mL CMV DNA in urine at the indicated timepoint and 0 copies/mL CMV DNA at the previous timepoint with CMV DNA results

available, at either of the timepoints up to (and including) the indicated study month.

Table 2. Percentage of Baseline Cytomegalovirus (CMV)-Seronegative
Participants With Appearance of Serum Anti-CMV Tegument
Immunoglobulin G, by Visit (Per-Protocol Set)

Timepoint (Study Month) no./No. % (95% Cl)
Month 4 5/143 3.5 (1.1-8.0)
Month 8 5/142 3.5(1.2-8.0)
Month 12 4/142 2.8 (0.8-7.1)
Month 16 6/137 4.4 (1.6-9.3)
Month 20 8/129 6.2 (2.7-11.9)
Month 24 12/134 9.0 (4.7-15.1)
Month 28 8/126 6.3 (2.8-12.1)
Month 32 9/122 7.4 (3.4-13.5)
Month 36 12/113 10.6 (5.6-17.8)
Up to month 36% 22/149 14.8 (9.56-21.5)

The per-protocol set included all enrolled participants with serology results available and no
major protocol deviations (or other reasons) leading to exclusion. No. indicates number of
participants with available results at the indicated timepoint; no. indicates number of
participants with anti-CMV tegument IgG >1.136 enzyme-linked immunosorbent assay
units (EU)/mL at the indicated timepoint.

Abbreviation: Cl, confidence interval, CMV, cytomegalovirus, IgG, immunoglobulin G.

#Participants with anti-CMV tegument IgG >1.136 EU/mL at either of the timepoints up to
(and including) the indicated study month.

based on data from external laboratories. Of 211 participants
who were S based on external results, 201 (95%) were also
S* based on GSK’s ELISA; of 140 participants who were S~
based on external results, 137 (98%) were also S~ with GSK’s
ELISA (x 0.92 [95% CI, 0.88-0.96];
Supplementary Table 2).

coefficient =

Factors Associated With Baseline CMV Seropositivity
The univariate analysis showed that country of residence, eth-
nicity, school attendance, the number of children (aged <18

years or <3 years) living at home, and the frequency of contact
with children aged <3 years not living at home were significant
risk factors for baseline CMV seropositivity (Supplementary
Tables 3 and 4). In the multivariate analysis, only country of
residence remained significantly associated with CMV sero-
positivity. The odds ratio of being S* at baseline in Mexico
vs the US was 3.28 (95% CI, 1.71-6.28; Supplementary
Table 5).

DISCUSSION

This prospective study estimated primary and secondary CMV
infections in adolescent girls in Finland, Mexico, and the US.
We found that 58% of girls enrolled were S* at baseline, and
that during the 3-year follow-up, possible secondary infection
occurred in 5.9% based on >4-fold antibody increases,
and in 23.9% based on CMV DNA shedding in urine, suggest-
ing an annual incidence of CMV secondary infection of
approximately 2%-8% in this population. Of the baseline
S girls, 14.8% had seroconverted (5% annual primary CMV in-
fection). These results may provide useful information for fu-
ture clinical trials of CMV vaccine candidates in terms of
calculating sample sizes, determining study duration, and se-
lecting study sites. However, the rates of secondary infection
based on serum antibody increase or urinary CMV shedding
differed markedly. The discrepant results of the 2 measures
to identify secondary CMV infection highlight the need for
standardized serological or virological methods to diagnose
secondary CMYV infection. Lack of tools to distinguish between
reinfection or reactivation is another major gap in our
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understanding of secondary CMV infection. In the absence of a
standardized case definition, we considered that the detection
of viral DNA in urine (using our specific pp65 PCR assay)
and increases in the magnitude of the serological response
could serve as possible proxies for potential reinfection or reac-
tivation. A >4-fold increase in antibody concentrations was
used in a previous study as it is more likely to indicate reinfec-
tion/reactivation [8]. Studies that estimated reinfection rates
based on the detection of strain-specific antibodies over time
showed an annual reinfection rate between 10% and 30% in ur-
ban, low-income US and Brazilian S* women [9, 10]. Our esti-
mates based on a >4-fold increase in antibody concentrations
are lower, possibly because of different sensitivities of the assays
used, different intervals between sampling time points, or be-
cause of the lower CMV seroprevalence in our study (which
may impact reinfection). In contrast, a >2-fold increase in an-
tibody levels was seen in 3 times as many participants as a
>4-fold increase. However, the utility of an antibody titer in-
crease (>4-fold and >2-fold) needs to be evaluated and validat-
ed in studies with larger sample sizes.

Our estimate of the incidence of primary infection (5% per
year) is in line with previous studies showing annual serocon-
version rates of 1%-7% in populations with a CMV seropreva-
lence ranging between 40% and 80% [11, 12].

The overall baseline CMV seroprevalence in our study (58%)
was lower than global, modeled estimates in women of childbear-
ing age (86%), as were the country-specific estimates (Mexico,
75% vs 86%; US, 48% vs 68%; Finland, 38% vs 72%) [7]. This
may in part be related to the study participants’ age, with seropre-
valence of adolescent girls not yet reaching levels similar to the
adult population, or reflect the overall population seroprevalences
at the study sites. Additionally, our study was not intended as a
representative population survey and the small sample size may
have limited the precision of the seroprevalence estimate.

In our multivariate analysis, only the country of residence
was an independent risk factor for CMV seropositivity.
Although contact with young children at home is a well-
established risk factor for CMV infection in pregnant women
[13, 14], it was not an independent risk factor in our study.
This may reflect different household compositions and roles
of adolescent girls compared to adult women. Also, the sample
size of our study was too small to identify all risk factors.

A strength of our study is the high concordance between the
seroprevalence determined by the GSK anti-CMV tegument
IgG ELISA and the commercial assays used in the external lab-
oratories. However, the cutoff for seropositivity may need fur-
ther validation and optimization. While this was a descriptive
study with a relatively small sample size, the targeted enroll-
ment of 200 evaluable CMV S™ participants was sufficient to es-
timate the incidence of secondary infection.

A major limitation of this study is the lack of an established
or validated method to reliably estimate secondary CMV

infection (reinfection/reactivation). Rises in CMV-specific
IgG concentrations in previously S* individuals may not always
be detectable after reinfection or reactivation or, if present, may
also be due to nonspecific stimulation of the immune system.
The estimated secondary infection rates (reinfection/reactiva-
tion) were considerably different using the antibody concentra-
tion rise versus DNA shedding, highlighting the need to
develop and validate standardized measures of secondary
infection.

In summary, we found a yearly CMV reinfection/reactiva-
tion rate between 2% and 8% and primary infection rate of
5% in adolescent girls in Finland, Mexico, and the US. We
found a high concordance between the anti-CMV tegument
ELISA and commercial assays to detect CMV-specific antibod-
ies, supporting the use of our assay to determine the CMV se-
rostatus in clinical trials. Our data indicate that primary and
secondary CMV infections can be detected with the available
tests in adolescent girls, supporting the inclusion of CMV S"
and S~ adolescent girls in clinical trials to evaluate the efficacy
of CMV vaccines. Our findings also demonstrate the need for
standardized markers of secondary infection in S* individuals.

Supplementary Data

Supplementary materials are available at The Journal of
Infectious Diseases online. Consisting of data provided by the
authors to benefit the reader, the posted materials are not copy-
edited and are the sole responsibility of the authors, so ques-
tions or comments should be addressed to the corresponding
author.
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