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Abstract
Background: Cytomegalovirus (CMV) is a common pathogen that affects individuals of all ages and establishes
lifelong latency. Although CMV is typically asymptomatic in healthy individuals, infection during pregnancy or in
immunocompromised individuals can cause severe disease. Currently, treatments are limited, with no prophylactic
vaccine available. Knowledge of the current epidemiologic burden of CMV is necessary to understand the need for
treatment and prevention. A systematic literature review (SLR) was conducted to describe the most recent epidemio‑
logic burden of CMV globally.
Methods: Medline, Embase, and LILACS were searched to identify data on CMV prevalence, seroprevalence, shed‑
ding, and transmission rates. The SLR covered the time period of 2010–2020 and focused geographically on Australia,
Europe, Israel, Japan, Latin America (LATAM), and North America. Studies were excluded if they were systematic or
narrative reviews, abstracts, case series, letters, or correspondence. Studies with sample sizes < 100 were excluded to
focus on studies with higher quality of data.
Results: Twenty-nine studies were included. Among adult men, CMV immunoglobulin G (IgG) seroprevalence
ranged from 39.3% (France) to 48.0% (United States). Among women of reproductive age in Europe, Japan, LATAM,
and North America, CMV IgG seroprevalence was 45.6-95.7%, 60.2%, 58.3-94.5%, and 24.6-81.0%, respectively. Sero‑
prevalence increased with age and was lower in developed than developing countries, but data were limited. No
studies of CMV immunoglobulin M (IgM) seroprevalence among men were identified. Among women of reproduc‑
tive age, CMV IgM seroprevalence was heterogenous across Europe (1.0-4.6%), North America (2.3-4.5%), Japan (0.8%),
and LATAM (0-0.7%). CMV seroprevalence correlated with race, ethnicity, socioeconomic status, and education level.
CMV shedding ranged between 0% and 70.2% depending on age group. No findings on CMV transmission rates were
identified.
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Conclusions: Certain populations and regions are at a substantially higher risk of CMV infection. The extensive epide‑
miologic burden of CMV calls for increased efforts in the research and development of vaccines and treatments.
Trial registration: N/A.
Keywords: Cytomegalovirus, Congenital cytomegalovirus, CMV, Epidemiology, Prevalence, Seroprevalence,
Shedding

Background
Cytomegalovirus (CMV), a member of the herpesvirus
family (Herpesviridae), is a pathogen common worldwide that infects a substantial number of individuals at
some point in their lives [1]. In the United States, it is
estimated that the virus will infect approximately 30% of
children by 5 years of age and more than 50% of adults
by 40 years of age [2]. Generally, CMV seroprevalence is
higher among women, those in older age groups, persons
of lower socioeconomic status, and in developing countries [3]. Among women of reproductive age in particular,
global CMV seroprevalence ranges from 45 to 100% [3].
CMV can be transmitted through contact with infectious bodily fluids such as blood, saliva, urine, tears,
seminal fluid, cervical secretions, and breast milk. In
addition, infection is possible following solid organ and
stem cell transplantation [2], with CMV representing the
most common opportunistic infection among solid organ
transplant recipients [4]. After initial CMV infection in
a previously seronegative individual (primary infection),
reactivation of persistent latent virus or infection with a
different CMV strain (nonprimary infection) can occur.
In healthy individuals, CMV infection is typically
asymptomatic or causes mild illness [5]; however, CMV
transmission from a pregnant woman to her fetus in
utero may cause congenital CMV (cCMV), which can
result in serious long-term sequelae or death [6–13].
Acquisition of primary CMV infection during pregnancy
poses the greatest risk to infants; approximately a third
of infants born to mothers with primary CMV infection
during pregnancy have cCMV infection [14, 15]. Serious
CMV-related sequelae can also occur in those with compromised immune systems, including solid organ or stem
cell transplant recipients, individuals on immunosuppressive therapy, or those infected with human immunodeficiency virus (HIV) [16]. CMV is the most common
cause of vision loss in individuals with HIV, even while
on highly active antiretroviral therapy [17]. Currently,
treatments for CMV are limited and no vaccine is available [18]. Thus, development of a CMV vaccine to prevent
infection remains a high public health priority.
Given that CMV infection is common globally yet has
a variable clinical course and a potential for long-term
sequalae, a greater understanding of CMV epidemiologic data worldwide is needed, which can support the

development of CMV vaccines and justify vaccine introduction into immunization schedules. Previously conducted systematic literature reviews (SLRs) on CMV
prevalence/seroprevalence [1, 19–22], transmission rate
[23, 24], or long-term sequelae [7, 25, 26] have been published; however, these SLRs included historical data, and
thus, more current estimates of CMV burden are warranted. A thorough understanding of the epidemiologic
impact of CMV is also hampered by the variation of
burden between countries, within countries, and within
subpopulations [1, 3, 24]. Therefore, there is a need to
highlight seroprevalence, shedding, and transmission
in specific populations affected by CMV. Here, we performed a SLR to describe the most recent (2010–2020)
epidemiologic data on CMV seroprevalence, shedding, and transmission across several countries/regions
according to population characteristics such as sex, age,
at-risk status, socioeconomic status, educational level,
and race/ethnicity.

Methods
A systematic review of the epidemiologic burden of CMV
was conducted based on peer-reviewed articles published
in the Medline, Embase, and Latin American and Caribbean Health Sciences Literature (LILACS) databases
from the year 2000 through December 14, 2020 (an initial
search was performed on October 27, 2020, and a widened search with supplemental search terms and additional outcomes of interest was performed on December
14, 2020; Fig. 1; Supplemental Tables 1–6 in Additional
File 1). Our search strategy consisted of subject headings (ie, medical subject header [MeSH] and Emtree),
keywords, free text terms, and their synonyms and was
adapted to the requirements of each queried database
(detailed in Supplemental Tables 1–6 in Additional File
1). Medline and Embase were searched for the following
themes: ((CMV / cytomegalovirus infections) AND epidemiology AND (epidemiologic studies AND Countries)
OR (systematic reviews / meta-analysis)); in LILACS, the
search was restricted to CMV AND epidemiology. Each
record was assessed for relevance against predefined
eligibility criteria (Supplemental Tables 7–8 in Additional File 1). Double independent record selection was
performed during title/abstract and full text screening.
Discrepancies concerning inclusion or exclusion were
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Fig. 1 Flow diagram of screening process. *Reasons for exclusion: population size < 100; prevalence or seroprevalence based on a non-IgM or
-IgG diagnostic method (eg, reverse transcriptase polymerase chain reaction); or data out of scope of review (incidence, infection rate, mortality, or
long-term sequelae). CMV, cytomegalovirus; IgG, immunoglobulin G; IgM, immunoglobulin M; SLR, systematic literature review

resolved after discussion between reviewers or through
reconciliation by a third reviewer.
The extensive search of bibliographic databases covered
the time period of 2000–2020 (2017–2020 for conference
abstracts) and was restricted to English language and the
following countries and regions: Australia, Latin America
(LATAM), Canada, Europe, Israel, Japan, United States,
and global (international, worldwide). We included all
age groups, mothers and infants with HIV, and specific
subpopulations or immunocompromised groups. From
this extensive search, we then focused on the most recent
data and only extracted data from publications with study

data between 2010–2020. If a particular article did not
provide information on the study period, the year of publication was considered. For the purpose of this report,
SLRs, narrative reviews, abstracts, case series, letters,
and correspondence were excluded. Studies with sample
sizes < 100 were also excluded in order to focus on studies
with higher data quality and an adequate sample size for
estimating prevalence.
Initial outcomes of interest were CMV infection rate,
force of infection (the rate at which susceptible individuals in a population acquire an infectious disease in that
population, per unit time [30]), reactivation, prevalence/
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Table 1 Categorization of data with definitions
Category

Definition

Age

Newborn: up to 1 month
Infants: 2 months to 2 years
Children: 3–10 years
Adolescent: 11–18 years
Adults: ≥ 19 years
Elderly: ≥ 60 years

At-risk population

Populations at risk [27]:
1. Individuals with primary immunodeficiencies
2. Individuals with secondary immunodeficiencies
caused by disease of the immune system: leukemia
and other hematologic malignancies, human immu‑
nodeficiency virus infection
3. Critically sick intensive care unit patients
4. Recipients of drugs suppressing the immune
system: anti-CD52, anti-CD20, anti-CD25, anti-tumor
necrosis factor
General population: general population (eg, city or
country)
Not at risk: population without any risk factor

Sex

Male: men
Women of reproductive age: defined as pregnant
women, mothers of infants, reproductive-age
women, women of childbearing age, teenage
and adult women (not elderly). The reproductive
age might be defined as age range 15 to 49 years
[28]. This definition was used in this review, but if
the publications included different age ranges for
women of childbearing age or pregnant women,
these data were included as well

Social status

As defined by authors of included study

Education level

As defined by authors of included study

Race/ethnicity

As defined by authors of included study

Developed or
developing
country

As categorized by the International Monetary Fund
[29]

seroprevalence, incidence, vertical and horizontal transmission, mortality, pregnancy loss, prevalence of shedding, morbidity, and long-term sequelae/effects. From
this initially broad set of outcomes, we focused on CMV
prevalence, seroprevalence, shedding, and transmission
rate. Outcomes were divided into categories based on the
elements of the research methodology or subpopulation;
Table 1 presents the adopted data categorizations and
definitions for age, at-risk population, sex, social status,
education level, race/ethnicity, and developed or developing country. Seroprevalence outcomes were evaluated
as region-specific seroprevalence of CMV (immunoglobulin G [IgG] or immunoglobulin M [IgM]) according to sex, age, at-risk population, socioeconomic status,
education level, and race/ethnicity. At-risk populations
were defined as individuals with primary immunodeficiencies, individuals with secondary immunodeficiencies caused by diseases of the immune system, critically
sick intensive care unit patients, and recipients of drugs
suppressing the immune system (Table 1). Additionally,
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CMV seroprevalences were assessed within 10-year age
increments for men, women of reproductive age, and
adults. CMV shedding and transmission outcomes by age
categories were also evaluated.
Outcomes were presented as ranges (minimum–maximum). For single measure estimates wherein it was not
possible to determine the interval, the confidence interval
was provided (if available within the source reference).

Results
A total of 4124 records were retrieved through the initial
search and 4846 records were retrieved through the widened search of the bibliographic databases (Fig. 1). After
removal of duplicates, 3600 records remained for screening.
Of these, 2766 irrelevant records were excluded, with a
total of 824 full-text articles assessed for eligibility. A total
of 157 references were included in the data extraction
stage; 128 references were subsequently excluded either
because they had a population size of < 100, had outcomes
not relevant for the purpose of this report, or were SLRs.
In total, 29 studies were included in this epidemiology
review (Fig. 1; Supplemental Table 9 in Additional File 1).
The included studies covered data from a total of 14
countries: 2 countries from North America (Canada and
the United States), 9 countries from Europe (Bosnia and
Herzegovina, Croatia, France, Italy, Norway, Poland,
Romania, Spain, and the United Kingdom), 2 countries
from LATAM (Brazil and Mexico), and 1 country from
other regions (Japan). Most studies were from Mexico
(n = 4), the United States (n = 4), Japan (n = 3), Poland
(n = 3), and the United Kingdom (n = 3). Recent epidemiologic data (2015 onwards) were reported in 6 studies; 17
studies presented data before 2015, 5 studies had a data
period within 2010–2020, and 1 study did not indicate
a data period. Further details of the included studies are
shown in Supplemental Table 9 in Additional File 1.
CMV seroprevalence by sex and age group
Men and women of reproductive age
IgG antibodies

The presence of CMV IgG antibodies in the absence of
IgM antibodies indicates previous, but not acute, infection [31]. Two studies reported CMV IgG seroprevalence
specifically for male populations (Table 2; Fig. 2): 39.3%
(95% CI: 34.9-43.8%) in a cross-sectional survey from a
nationally representative population-based sample from
France (Europe) and 48.0% in a US-based study that utilized a cross-sectional serosurvey among adult residents
in North Carolina [32, 33].
Comparatively, 15 studies from Japan, Europe,
LATAM, Canada, and the United States reported CMV
IgG seroprevalence estimates for women of reproductive age (Table 2; Fig. 2). In Japan, seroprevalence
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Table 2 Region-specific CMV seroprevalence (according to sex and age) and CMV shedding (according to age)
Australia

Europe

Israel

Japan

Latin America

Canada and
the United
States

Total

39.3–48.0

Seroprevalence of CMV IgG by sex, % (95% CIa)
Men [32, 33]

NR

39.3 (34.9–43.8)

NR

NR

NR

48.0b

Women of reproductive age [32, 34–47]

NR

45.6–95.7

NR

60.2b

58.3–94.5

24.6–81.0

24.6–95.7

Aged 13–20 yearsc [37, 44]

NR

94.6b

NR

NR

86.5b

NR

86.5–94.6
54.4–94.9

Aged 20–30 yearsc [36, 37, 41, 44, 45]

NR

58.5–94.9

NR

NR

91.3b

54.4b

Aged 30–40 yearsc [36, 37, 40, 41, 45–47]

NR

62.3–95.7

NR

NR

NR

40.0–59.7%

40.0–95.7

Aged 40–50 yearsc [40, 45]

NR

87.7b

NR

NR

NR

69.8b

69.8–87.7
NR

Seroprevalence of CMV IgM by sex, % (95% CIa)
 Mend

NR

NR

NR

NR

NR

NR

Women of reproductive age [34, 36, 41–45]

NR

1.0–4.6

NR

0.8b

0.0–0.7

2.3–4.5

0.0–4.6

Aged 20–30 yearsc [41, 45]

NR

1.0–2.0

NR

NR

NR

4.5b

1.0–2.0

Aged 30–40 yearsc [41, 45]

NR

2.8b

NR

NR

NR

2.3b

2.3–2.8

NR

NR

NR

NR

NR

2.4b

2.4

Adults (≥ 19 years) [32, 33, 35–37, 40–42, 44–55]

NR

44.4–95.7

NR

67.2–70.9

59.1–91.3

33.0–81.0

33.0–95.7

Elderly (≥ 60 years) [35, 51, 56, 57]

NR

64.5–97.7

NR

NR

NR

NR

64.5–97.7

NR

70.3–94.6

NR

NR

86.5b

47.3b

47.3–94.6

b

c

Aged 40–50 years [45]
Seroprevalence of CMV IgG by age, % (95% CIa)

Age intervals
12–20 yearsc [35, 37, 44, 45]
c

20–30 years [36, 37, 41, 44, 45, 51]

NR

58.5–94.9

NR

NR

91.3

54.4b

54.4–94.9

30–40 yearsc [33, 36, 37, 40, 41, 45, 46, 51]

NR

62.3–95.7

NR

NR

NR

40.0–59.7

40.0–95.7

40–50 yearsc [33, 40, 45, 51]

NR

85.3–87.7

NR

NR

NR

67.0–69.8

67.0–87.7

50–60 yearsc [33, 51]

NR

91.5 (87.8–94.4)

NR

NR

NR

61.0b

61.0–91.5

60–100 yearsc [35, 51, 56, 57]

NR

64.5–97.7

NR

NR

NR

NR

64.5–97.7

Adults (≥ 19 years) [41, 45, 51]

NR

1.0–6.7

NR

NR

NR

2.3–4.5

1.0–6.7

Elderly (≥ 60 years) [51]

NR

3.5 (1.7–6.3)

NR

NR

NR

NR

3.5 (1.7–6.3)

Seroprevalence of CMV IgM by age, % (95% CIa)

Age intervals
12–19 yearsc [45]

NR

NR

NR

NR

NR

2.6b

2.6

c

19–30 years [41, 45, 51]

NR

1.0–6.7

NR

NR

NR

4.5b

1.0–6.7

30–40 yearsc [41, 45, 51]

NR

2.4–2.8

NR

NR

NR

2.3b

2.3–2.8

40–50 yearsc [45, 51]

NR

4.3 (2.3–7.4)

NR

NR

NR

2.4b

2.4–4.3

50–60 yearsc [51]

NR

4.3 (2.3–7.2)

NR

NR

NR

NR

4.3 (2.3–7.2)

60–100 yearsc [51]

NR

3.5 (1.7–6.3)

NR

NR

NR

NR

3.5 (1.7–6.3)
0.0b

CMV shedding by age (regardless of diagnostic method), % (95% CIa)
Newborns/infants [48]

NR

0.0b

NR

NR

NR

NR

Newborns/infants to adolescents

NR

NR

NR

NR

NR

NR

NR

Newborns/infants to children [48, 58, 59]

NR

11.0–51.9

NR

NR

NR

17.0b

11.0–51.9

Children [48]

NR

5.2b

NR

NR

NR

NR

5.2b

Adolescents [48]

NR

b

0.0

NR

NR

NR

NR

0.0b

Adolescents to adults [60]

NR

70.2b

NR

NR

NR

NR

70.2b

CI Confidence interval, CMV Cytomegalovirus, IgG Immunoglobulin G, IgM Immunoglobulin M, NR Not reported
a

Single measure estimates are presented with 95% CIs (if available in primary publication)

b

Confidence intervals were not reported in primary publication

c

Age ranges with single-year overlap were empirically determined to account for variable age ranges and lack of single-year data in primary publications

d

Data for 10-year-old age groups have not been identified
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Fig. 2 Region-specific cytomegalovirus IgG and IgM seroprevalence among men and women of childbearing potential. IgG, immunoglobulin G;
IgM, immunoglobulin M; LATAM, Latin America

was estimated as 60.2% [34]. In Europe and LATAM,
seroprevalence was similar across studies, ranging from
45.6 to 95.7% in Europe [32, 35–41] and 58.3 to 94.5%
in LATAM [42–44]. In North America, seroprevalence
ranged from 24.6 to 81.0% [45–47].
No data were found for CMV IgG seroprevalence
across age categories in men. Seroprevalence among
women of reproductive age suggests a potential increase
with age; however, these findings are limited by the small
dataset. Seroprevalence of CMV infection in pregnant
women in Mexico was higher in those aged 20 to 30 years

than those aged ≤ 20 years (91.3 vs 86.5%, respectively)
[44]. Studies from Canada and the United States indicate that seroprevalence was higher among women
aged > 40 years compared with women aged ≤ 40 years
[45–47]. No noticeable age-related trends were identified
among European studies [36, 37, 40, 41].
In developing countries of the European and LATAM
regions included in this report, reported CMV IgG
seroprevalences among women of reproductive age
were similar. Studies conducted in Mexico reported
CMV IgG seroprevalences of 58.3 to 94.5% for women
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of reproductive age [37, 42–44]. In Europe, CMV IgG
seroprevalence ranged from 57.3% among women of
reproductive age in Poland [40] to 95.7% in Romania
[37]. In comparison, in developed countries of Europe,
CMV IgG seroprevalence among women of reproductive age ranged between 45.6 and 65.9% [32, 36, 39].
IgM antibodies

The presence of CMV IgM antibodies may be indicative
of recent infection (ie, primary, reactivation, or reinfection) [31]. No studies with data on CMV IgM seroprevalence among men were identified. Among women of
reproductive age, estimates suggest burden of primary
and secondary CMV infection was similar in Europe
(1.0-4.6%) [36, 41] and North America (2.3-4.5%) [45];
these seroprevalences were higher than those observed in
Japan (0.8%) [34] and LATAM (0-0.7%) [42–44] (Table 2;
Fig. 2). While regional differences in CMV seroprevalence have historically been documented, the small number of studies in this SLR showed seroprevalence to be
heterogenous with regional patterns difficult to discern.
Adults and the elderly
IgG antibodies

Twenty-two references were included for assessing seroprevalence across age categories based on detection of
CMV IgG antibodies (Table 2). These articles reported
data for general populations, healthy or immunocompetent populations (ie, without specific diseases and otherwise healthy), and adults. Among adults, seroprevalence
ranged most broadly in European countries (44.4-95.7%)
[32, 35–37, 40, 41, 48–51], with the narrowest range
observed for Japanese studies (67.2-70.9%; Fig. 3) [52, 53].
LATAM and North America had notable differences in
seroprevalence, with ranges of 59.1 to 91.3% [42, 44, 54,
55] and 33.0 to 81.0% [33, 45–47], respectively. Comparing the range maximums, Europe appeared to have the
highest seroprevalence of CMV among adults. Similarly,
among the elderly in Europe, multiple articles indicated
approximately 2% of the population is seronegative for
CMV IgG, suggesting a high seroprevalence of CMV
among the elderly in this region [35, 51, 56, 57].
Recent data reported within the identified studies suggested differences in seroprevalence ranges across age
categories (Table 2). Across European studies, the maximum values of the ranges did not substantially vary, but
the minimum values increased with age intervals. Data
from LATAM indicated that seroprevalence was higher
in the 20- to 30-year age group in comparison to the 12to 20-year age group (91.3 vs 86.5%) [44]. Age-related
increases in seroprevalence were also noticeable in North
American studies [33, 45, 46].
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CMV IgG seroprevalence was higher among developing than developed countries included in this report.
Among adults, CMV IgG seroprevalence ranged from
33.0 to 81.0% for developed countries [32, 33, 36, 45–
50, 52, 53] and 59.1 to 95.7% for developing countries
[35, 37, 40, 42, 44, 51, 54, 55]. For the elderly, seroprevalence was 64.5 to 96.2% for developed countries [56,
57] and 93.8 to 97.7% for developing countries [35, 51].
IgM antibodies

We identified 3 studies published since 2010 that provided data on CMV IgM seroprevalence in various
adult age categories in general populations; within
these studies, no clear regional trend was observed
(Table 2; Fig. 3). Across European studies, CMV IgM
seroprevalence was reported as 1.0 to 6.7% for adults
[41, 51] and 3.5% (95% CI, 1.7-6.3%) for elderly populations [51]. Within the US study identified, CMV IgM
seroprevalence among adults was reported as 2.3 to
4.5% [45].
Overall, CMV IgM seroprevalence was similar for
developing and developed countries. Seroprevalence of
CMV IgM was estimated as 2.3 to 4.5% among adults
in developed countries [45] and 1.0 to 6.7% in developing countries [41, 51]. Among the elderly, only data for
developing countries were available, with a seroprevalence of 3.5% (95% CI, 1.7-6.3%) reported for the elderly
population in Croatia [51].
A total of 3 publications provided data on both IgM
and IgG seroprevalences. In a Polish population of
pregnant women aged 16 to 45 years, IgM seroprevalence was 2.2% and IgG seroprevalence was 62.4% [41].
In US women 12 to 49 years of age, the seroprevalence
of CMV IgM and IgG was 3.0% and 57.9%, respectively
[45]. CMV IgG seroprevalence generally increased
with age, whereas IgM seroprevalence did not show a
clear age-related trend in these populations; however,
the correlations between age and IgM or IgG seroprevalence were not statistically analyzed [45]. The
study from Croatia reported that among the general
population (aged 1 month to 82 years), the seroprevalence of IgM and IgG was 4.3 and 74.4%, respectively;
among the elderly, seroprevalence was 3.5 and 93.8%,
respectively [51]. Neither the Croatian nor US studies
assessed the statistical correlations between IgM antibody titers and IgG antibody titers [45, 51].
As CMV IgM is not a precise indicator of primary
versus nonprimary CMV infection, the presence of
low CMV IgG avidity can be a useful serologic indicator of primary CMV infection. One study from the
United States provided data on the low CMV IgG avidity in the context of CMV IgM prevalence, with the
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Fig. 3 Region-specific cytomegalovirus IgG and IgM seroprevalence among adults and the elderly. IgG, immunoglobulin G; IgM, immunoglobulin M;
LATAM, Latin America

authors stating that primary CMV infection was estimated in 14 to 18% of CMV IgM-positive women, as
they had low IgG avidity [45]. While IgM was not correlated with age, the prevalence of low CMV IgG avidity decreased with age [45].

CMV seroprevalence by risk factors
At‑risk populations

We identified only 1 article published within the last
decade (2010–2020) among at-risk populations [51]
(Table 3), which was defined as critically sick intensive care unit patients, those with primary immunodeficiencies, those with secondary immunodeficiencies
caused by disease of the immune system, and recipients

of immunosuppressing drugs. During a 3-year period
(2013–2015), serum samples were collected from Croatian (Europe) residents (of any age) and screened for
CMV IgM and IgG antibodies. Among hemodialysis
patients, hemodialysis was the main predictor for CMV
IgG seropositivity, with CMV seroprevalences reported
at 91.4% (95% Cl, 87.7-94.2%) [51]. Interestingly, CMV
reactivation/reinfection was most common in this population (92.3%). Overall, these reported seroprevalences
among hemodialysis patients appeared higher than those
estimates across European adult populations (44.4-95.7%;
Table 2). CMV IgM seropositivity seroprevalences were
reported as 8.6% (95% CI, 5.7-12.3%) [51].
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Table 3 Region-specific CMV seroprevalence according to population at risk, socioeconomic status, education level, and race/
ethnicity
Australia

Europe

Israel

Japan

Latin America

Canada and the
United States

Total

NR

NR

NR

NR

91.4 (87.7–94.2)

NR

NR

NR

NR

8.6 (5.7–12.3)

Seroprevalence of CMV IgG by population at risk, % (95% CIa)
Population at risk [51]

NR

91.4 (87.7–94.2)

Seroprevalence of CMV IgM by population at risk, % (95% CIa)
Population at risk [51]

NR

8.6 (5.7–12.3)

Seroprevalence of CMV IgG by socioeconomic status, % (95% CIa)
Household income, Canadian dollars [46]
  0–59,999

NR

NR

NR

NR

NR

58.5b

58.5

  60,000–99,999

NR

NR

NR

NR

NR

34.5b

34.5

   
≥ 100,000

NR

NR

NR

NR

NR

27.1b

27.1

Family income to poverty ratio [61]
   Below poverty level

NR

NR

NR

NR

NR

26.4–31.1

26.4–31.1

   At or above poverty level

NR

NR

NR

NR

NR

14.9–27.6

14.9–27.6

  Low

NR

NR

NR

NR

NR

81.0b

81.0

  Middle class

NR

NR

NR

NR

NR

54.0b

54.0

  High

NR

NR

NR

NR

NR

35.0b

35.0

NR

63.5b

NR

NR

NR

NR

63.5b

  Good

NR

63.5

b

NR

NR

NR

NR

63.5b

  Unknown

NR

60.9b

NR

NR

NR

NR

60.9b

Family incomec [47]

Financial statusd [41]
  Average

Seroprevalence of CMV IgM by socioeconomic status, % (95% CIa)
Financial statuse [41]
  Average

NR

1.4b

NR

NR

NR

NR

1.4b

  Good

NR

2.6b

NR

NR

NR

NR

2.6b

  Unknown

NR

2.6b

NR

NR

NR

NR

2.6b

Seroprevalence of CMV IgG by education level, % (95% CIa)
Household reference person’s education level [61]
   Less than high school diploma

NR

NR

NR

NR

NR

31.3–37.2

31.3–37.2

   High school diploma, GED, associ‑
ate degree, some college

NR

NR

NR

NR

NR

16.7–22.6

16.7–22.6

   College degree or higher

NR

NR

NR

NR

NR

17.8–34.7

17.8–34.7

NR

NR

NR

NR

NR

60.0b

60.0b

b

51.0b

Education level
   Up to university [47]
  University [47]
  Higher [41]
  Secondary [41]
   Primary and vocational [41]

NR
NR
NR
NR

NR

NR

NR

NR

51.0

58.0

b

NR

NR

NR

NR

58.0b

64.5

b

NR

NR

NR

NR

64.5b

72.9

b

NR

NR

NR

NR

72.9b

a

Seroprevalence of CMV IgM by education level, % (95% CI )
Education level [41]
  Higher
  Secondary
   Primary and vocational

NR

2.1b

NR

NR

NR

NR

2.1b

NR

1.9

b

NR

NR

NR

NR

1.9b

2.1

b

NR

NR

NR

NR

2.1b

NR

NR

NR

NR

96.2b

NR

89.6b

31.0–36.7

31.0–36.7

NR

a

Seroprevalence of CMV IgG by race/ethnicity, % (95% CI )
White (99.3%)f [57]

NR

96.2b

Mestizo (98.9%)/White (1.1%) [44]

NR

NR

NR

NR

89.6

Hispanic [61]

NR

NR

NR

NR

NR

b
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Table 3 (continued)
Australia

Europe

Israel

Japan

Latin America

Canada and the
United States

Total

Non-Hispanic White [61]

NR

NR

NR

NR

NR

10.6–24.2

10.6–24.2

Non-Hispanic Black [61]
Non-Hispanic other/multiracial [61]

NR
NR

NR
NR

NR
NR

NR
NR

NR
NR

15.9–24.6
37.0–40.0

15.9–24.6
37.0–40.0

CI Confidence interval, CMV Cytomegalovirus, GED General educational development, IgG Immunoglobulin G, IgM Immunoglobulin M, NR Not reported
a

Single measure estimates are presented with 95% CIs (if available in primary publication)

b

Confidence intervals were not reported in primary publication

c

Family income was defined in the primary publication as low: ≤ $30,000/year; middle: $31,000-$99,000/year; high: ≥ $100,000/year [47]

d
Details of the definition for financial status were not provided in the primary publication [41]. The following data were not included in our review due to population
sizes < 100: those with financial statuses of bad (n = 48; seroprevalence, 58.30%) and very good (n = 76; seroprevalence, 53.90%)

e
Details of the definition for financial status were not provided in the primary publication [41]. The following data were not included in our review due to population
sizes < 100: those with financial status of bad (n = 48; seroprevalence, 2.1%) and very good (n = 76; seroprevalence, 2.6%)
f

The primary publication [57] indicated that 99.3% of case patients were White

Socioeconomic status

Recent studies from North America have evaluated the
relationship between CMV seroprevalence and household income and poverty level (Table 3). A study from
Canada indicated that CMV IgG seroprevalence among
a cohort of pregnant women was 58.5%, 34.5%, and
27.1% for household incomes of $0 to $59,999, $60,000
to $99,999, and ≥ $100,000 (Canadian dollars), respectively [46]. In a separate single-center study in Canada
of women from low-, middle-, and high-income families,
CMV IgG seroprevalence was 81.0%, 54.0%, and 35.0%,
respectively [47]. In a study among US children aged 1 to
5 years during 2011–2012, CMV IgG seroprevalence was
2-times higher among children from households with a
family income to poverty ratio below the poverty level
(< 1.0) than those from households above the poverty
level (≥ 1.0; 31.1 vs 14.9%, respectively) [61]; however,
this trend was not observed in 2017–2018 (26.4 vs 27.6%,
respectively) [61]. This lack of observable difference likely
reflects an increase in CMV seroprevalence among children at or above the poverty level from 2011–2012 to
2017–2018. In Poland, CMV IgG and IgM seroprevalences did not differ significantly by financial status [41].
Education level

In a Canadian study of pregnant women, CMV IgG
seroprevalence was 60.0% among adults with a nonuniversity education level and 51.0% among adults with
a university education level [47] (Table 3). When evaluating associations between education level groups,
non-university educated women were more likely to be
CMV IgG seropositive than university educated women
(OR, 2.43; 95% CI, 1.37–4.32) [47]. Similar results were
reported for a cohort of pregnant Polish (European)
adult women, where CMV IgG prevalence was evaluated according to education level; seroprevalence was
58.0% among women with higher education, 64.5%

among women with secondary education, and 72.9%
among women with primary/vocational education [41].
Interestingly, there was no descriptive or inferential
trend observed for evaluations using CMV IgM positive
serologic data (2.1% among adults with higher education, 1.9% among adults with secondary education, 2.1%
among adults with primary/vocational education) [41].
These results were likely due to the small sample size of
CMV IgM seropositive women (n = 25). Among US children aged 1 to 5 years, the range of CMV IgG seroprevalence was reported as higher for households with survey
participants whose education level was less than a high
school diploma (31.3%) versus those households with
participants with a high school diploma and some college education (16.7%) or with a college degree or more
(17.8%) from 2011–2012 [61]. Among households with
lower education levels, CMV IgG seroprevalence did
not significantly increase from 2011–2012 to 2017–2018
(prevalence difference of 5.9 points); however, a substantial increase in seroprevalence during this time frame was
observed for households with individuals with a college
degree or more (prevalence difference of 16.8) [61].
Race and ethnicity

Our review identified recent articles from Spain (Europe),
Mexico (LATAM), and the United States that explored
the relationship between CMV IgG seroprevalence and
race/ethnicity (Table 3). In a single-center case control
study in Spain among a predominantly White study population, CMV IgG seroprevalence among elderly patients
was reported as 96.2% [57]. In a cross-sectional study of
pregnant women in Mexico, CMV IgG seroprevalence
was 89.6% in a population predominantly of Mestizo
ethnic descent [44]. From these studies, it is difficult to
confirm the role of ethnicity as a risk factor for CMV
infection. Utilizing the National Health and Nutrition
Examination Survey data collected in the United States
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during 2011–2012, CMV IgG seroprevalence by race/
ethnicity of children 1 to 5 years of age were reported
as 37.0% among non-Hispanic other/multiracial, 31.0%
among Hispanic, 15.9% among Non-Hispanic Black,
and 10.6% among non-Hispanic White ethnicities [61].
When comparing to CMV IgG seroprevalence estimates
from 2017–2018, an increase was observed across each
race/ethnicity category, with a notable difference among
non-Hispanic White children (10.6-24.2%) [61]. The only
exception was a decrease in seroprevalence observed in
Non-Hispanic Black children (24.6-15.9%).

CMV shedding and transmission
No studies reporting data for CMV transmission rate
were identified. Between 2010 and 2020, only 4 studies provided data on the prevalence of CMV shedding,
which were from developed countries (England, France,
Spain, and the United States; Table 2). Studying urine
samples in the British population, shedding was reported
as 0% among newborns and infants aged < 2 weeks, 11.0%
among those aged 2 weeks to 5 years, 5.2% among those
aged 6 to 10 years, and 0% among adolescents (aged
11–15 years) [48]. In the United States, shedding was
reported as 17.0% among children aged 0 to 47 months
[58]. In a feasibility study conducted in French daycare
centers among children aged 3 months to 6 years, saliva
specimens confirmed CMV shedding in 51.9% of sites
[59]. In a study conducted in the United States, which
utilized saliva as well as urine specimens from children
aged 0 to 47 months, half of seropositive children were
shedding CMV in at least 1 fluid [58]. Breast milk was
screened for CMV DNA in a prospective Spanish study,
which found 70.2% of specimens positive for CMV [60].
Discussion
This SLR aimed to provide an updated understanding
of the current epidemiology of CMV, including prevalence/seroprevalence, shedding, and transmission, across
regions and subpopulations. Compiling and assessing
these datasets highlights the current knowledge gaps and
may aid in guiding policy decisions within the healthcare
sector, including those related to CMV clinical guidelines, screening, and potential future treatment and prevention options.
A total of 29 studies were included in our review, with
the majority reported from Europe and North America
(Canada and the United States). Among women of reproductive age, CMV IgG seroprevalence ranged from 24.6
to 95.7%, which was generally in line with estimates from
a recent meta-regression analysis that estimated the
global CMV seroprevalence among women of reproductive age as 86%, with the highest seroprevalence observed
in the World Health Organization (WHO) Eastern

Page 11 of 15

Mediterranean region (92%; 95% uncertainty interval
[UI], 88-95%) and the lowest seroprevalence observed
in the WHO European region (70%; 95% UI, 63-76%)
[1]. However, our observed ranges were wider than the
uncertainty range in this prior report. Among men, we
identified only 2 studies reporting CMV IgG seroprevalence and no studies reporting CMV IgM seroprevalence.
Thus, similar to reports before 2010, seroprevalence
studies continue to primarily focus on women [1, 3, 62].
Overall, our available data indicated that CMV seroprevalence was higher among women of reproductive age
than men, in agreement with a prior systematic review
from 2010 [3]. Childcare is generally believed to contribute to higher seroprevalence among women [41, 63–65].
Our review also evaluated seroprevalence using IgG
and IgM diagnostic methods. CMV IgM antibodies can
be used as a marker for primary CMV infection and
reactivation/reoccurrence or reinfection (nonprimary
infection) and as a potential marker for prevalence of
transmission at the time of testing [66]. In studies utilizing IgM as a diagnostic method, ranges for prevalence
were narrower and lower compared with those utilizing
IgG methods. This result is expected, as IgM production occurs first after CMV infection, while IgG levels
begin to rise several weeks after infection and remain in
the blood throughout a person’s lifetime. Therefore, outcomes based on IgM may be more representative of new
and active infections, whereas IgG would indicate the
overall number of infected patients. However, CMV IgM
antibodies can also be associated with both primary and
nonprimary CMV infection; thus, distinguishing primary
CMV infection requires the detection of low CMV IgG
avidity. One study from the United States reported low
CMV IgG avidity estimates in 14% to 18% of CMV IgMpositive women, suggesting primary CMV infection [45].
Limitations of IgM assays should be considered when
interpreting IgM data reported throughout this SLR; variation exists between IgM diagnostic assays, indicating
assays are less standardized and therefore potentially less
reliable than assays for anti-CMV IgG [67]. In addition,
there is a risk that CMV IgM assays may be confounded
by antibody cross-reactivity, for example, to Epstein Barr
virus [68].
Previous research has implicated socioeconomic disparities, race, and ethnicity as risk factors of CMV infection and disease [69–72]. Our review also indicates an
association between CMV seroprevalence and education level, social status, household income, and race and
ethnicity [3, 32, 38, 41, 42, 44, 46, 47, 55, 58, 61]. This
potential association may be based on lifestyle, population density, sexual activity, number of children per
family, and child-rearing practices that may be rooted
in culture or economics (ie, frequency and duration of
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breastfeeding, childcare arrangements, and customs that
increase saliva sharing with young children) [3, 73]. For
example, it has been estimated that CMV occurs in 32%
of children attending daycare centers worldwide, with a
2.7-times higher chance of CMV positivity among children attending daycare centers [22]. An analytical model
also indicated that hygiene education was greatly effective in prevention of poor outcomes related to CMV
infection, estimating that hygiene promotion was associated with a 50% risk reduction for fetal infections in
CMV-seronegative populations [74]. Overall, additional
insight into the epidemiologic burden of CMV across
different risk factors is needed, which can help guide targeted strategies for those populations at greatest risk for
infection and disease.
Only 4 studies evaluating CMV shedding were identified in our review, which indicated shedding prevalence
ranged from 11.0 to 51.9% in newborns to children aged
10 years. Due to the low number of included studies,
no definite conclusions about the prevalence of CMV
shedding across age groups could be drawn. However,
prior findings have indicated that shedding of CMV is
more prevalent among younger age groups, particularly those < 2 years of age [75]. Further, no studies on
CMV transmission rates were identified in our review.
Taken together, our findings underscore the current
need for more recent assessments of CMV shedding and
transmission.
Our systematic review was strengthened by focusing on
the most recent data on CMV epidemiology (2010–2020)
and only including studies with sample sizes > 100 to collate data from studies that provide high-quality data and
avoid selection bias. However, we did not synthesize data
(eg, by meta-analysis) as provided by prior publications
[1, 3, 19, 20, 22, 62]. Additionally, statistical comparisons
were not included in this report, as any analysis between
countries or across time is outside the scope of our systematic review and would require additional analyses to
account for the heterogeneity of studies and changes in
technology and methodology. Notably, a minimal number of studies from the Asia–Pacific region were identified in our review, which was expected due to our limited
review time frame to capture the most current evidence
and geographic search restrictions. Additional work is
needed to review the CMV seroprevalence literature
from China and India, as well as Africa. Further, although
permitted within the geographic scope, no studies were
identified from Australia or Israel and future research
on CMV seroprevalence is warranted in these countries.
In the case of the Israel, initial studies identified in our
broad search reported prevalence but not CMV IgM
or IgG seroprevalence or were congress abstracts and,
thus, did not meet the pre-defined inclusion criteria. In
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addition, although our review suggests CMV seropositivity increased with age and was lower for developed
than developing countries (in alignment with previous
data [3]), only limited information was available for these
comparisons, thereby restricting an in-depth analysis
and inferences. Additional studies that evaluate the agerelated seroprevalence of CMV are essential, while studies that evaluate CMV epidemiology in the context of
developing regions would aid in deciphering this burden
and could guide local clinical recommendations and policy-making decisions towards future interventions such
as vaccines.
While our systematic review aimed to elucidate the
current epidemiologic burden of CMV across global
regions and subpopulations, our study also highlights the
lack of recent studies investigating the seroprevalence
of CMV among key demographics and countries. Overall, the lack of surveillance and existing evidence in the
general population limits our understanding of the causal
pathways between CMV infection, disease, and clinically
diagnosed outcomes that are critical for the healthcare
and policy sectors. Although CMV infection is mild in
severity or asymptomatic for the majority of the population, individuals who are immunocompromised (including those undergoing transplant surgery) and neonates
have a unique risk of severe disease [5] and would benefit
from improved options for managing the risk of CMV
infection. Currently, treatments for CMV are limited
and no vaccines are available to prevent against CMV
infection and disease, although multiple candidate vaccines are currently in clinical development [76]. Routine screening of pregnant women for CMV infection is
also not recommended or is subject to debate [77], and
interventions to reduce the risk of maternal CMV infection are limited to behavioral practices (ie, hand washing,
avoiding contact with a young child’s saliva/urine, etc.)
[78, 79]. Targeted newborn screening for CMV has been
implemented in some states within the United States, as
well as some integrated health systems; however, universal routine newborn screening for CMV is not performed
globally [80]. Thus, comprehensive CMV epidemiologic
studies are imperative toward furthering our understanding of CMV and associated disease, which in turn can
guide public health strategies to reduce disease burden
in vulnerable populations through screening, treatment,
and vaccine development.

Abbreviations
cCMV: Congenital cytomegalovirus; CI: Confidence interval; CMV: Cytomegalo‑
virus; GED: General educational development; HIV: Human immunodeficiency
virus; IgG: Immunoglobulin G; IgM: Immunoglobulin M; LATAM: Latin America;
MeSH: Medical subject header; NR: Not reported; RT-PCR: Reverse transcriptase
polymerase chain reaction; SLR: Systematic literature review.

Fowler et al. BMC Public Health

(2022) 22:1659

Page 13 of 15

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-022-13971-7.

8.

Additional file 1.
9.
Acknowledgements
Medical writing and editorial assistance were provided by Emily Stackpole,
PhD, and Kate Russin, PhD, of MEDiSTRAVA in accordance with Good Publica‑
tion Practice (GPP3) guidelines, funded by Moderna, Inc., and under the
direction of the authors.
Authors’ contributions
JM, MN, ES, AN, CT, and PB contributed to the study concept and design. Data
collection was performed by JM, MN, WL, MK, ES, MG, CT, PB, and JD-D; data
analysis and interpretation was performed by KF, JM, WL, MK, ES, MG, CT, PB,
and JD-D. All authors contributed to the preparation of the manuscript and
approved the final draft.

10.
11.

12.
13.

Funding
This study was funded by Moderna, Inc.
Availability of data and materials
The data summarized in this review are from published articles and are
publicly available.

14.
15.

Declarations
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
AN, CT, JD-D, and PB are employees of Moderna, Inc. and hold stock/stock
options in the company. ES, JM, MG, MK, MN, and WL are employees of Certara
and were paid consultants for Moderna, Inc. for conduct of this research and
development of the manuscript.
Author details
1
University of Alabama at Birmingham, Birmingham, AL, USA. 2 Certara, Inc.,
Krakow, Poland. 3 Certara, Inc., Lörrach, Germany. 4 Moderna, Inc., 200 Technol‑
ogy Square, Cambridge, MA 02139, USA.

16.
17.
18.
19.
20.

21.

Received: 28 January 2022 Accepted: 8 August 2022
22.
References
1. Zuhair M, Smit GSA, Wallis G, Jabbar F, Smith C, Devleesschauwer B, Grif‑
fiths P. Estimation of the worldwide seroprevalence of cytomegalovirus: a
systematic review and meta-analysis. Rev Med Virol. 2019;29(3):e2034.
2. Centers for Disease Control and Prevention. Cytomegalovirus (CMV) and
Congenital CMV Infection - Clinical Overview. 2020.
3. Cannon MJ, Schmid DS, Hyde TB. Review of cytomegalovirus seropreva‑
lence and demographic characteristics associated with infection. Rev
Med Virol. 2010;20(4):202–13.
4. Razonable RR, Humar A. Cytomegalovirus in solid organ transplant
recipients-Guidelines of the American Society of Transplantation Infec‑
tious Diseases Community of Practice. Clin Transplant. 2019;33(9):e13512.
5. Taylor GH. Cytomegalovirus. Am Fam Physician. 2003;67(3):519–24.
6. Boppana SB, Ross SA, Fowler KB. Congenital cytomegalovirus infection:
clinical outcome. Clin Infect Dis. 2013;57(suppl 4):S178–181.
7. Buca D, Di Mascio D, Rizzo G, Giancotti A, D’Amico A, Leombroni M,
Makatsarya A, Familiari A, Liberati M, Nappi L, et al. Outcome of fetuses
with congenital cytomegalovirus infection and normal ultrasound at

23.
24.

25.

26.

diagnosis: systematic review and meta-analysis. Ultrasound Obstet
Gynecol. 2021;57(4):551–9.
Korndewal MJ, Oudesluys-Murphy AM, Kroes ACM, van der Sande MAB,
de Melker HE, Vossen A. Long-term impairment attributable to congenital
cytomegalovirus infection: a retrospective cohort study. Dev Med Child
Neurol. 2017;59(12):1261–8.
Dollard SC, Grosse SD, Ross DS. New estimates of the prevalence of neu‑
rological and sensory sequelae and mortality associated with congenital
cytomegalovirus infection. Rev Med Virol. 2007;17(5):355–63.
Goderis J, De Leenheer E, Smets K, Van Hoecke H, Keymeulen A, Dhooge
I. Hearing loss and congenital CMV infection: a systematic review. Pediat‑
rics. 2014;134(5):972–82.
Lanzieri TM, Leung J, Caviness AC, Chung W, Flores M, Blum P, Bialek SR,
Miller JA, Vinson SS, Turcich MR, et al. Long-term outcomes of children
with symptomatic congenital cytomegalovirus disease. J Perinatol.
2017;37(7):875–80.
Townsend CL, Forsgren M, Ahlfors K, Ivarsson SA, Tookey PA, Peckham CS.
Long-term outcomes of congenital cytomegalovirus infection in Sweden
and the United Kingdom. Clin Infect Dis. 2013;56(9):1232–9.
Colonna AT, Buonsenso D, Pata D, Salerno G, Chieffo DPR, Romeo DM,
Faccia V, Conti G, Molle F, Baldascino A, et al. Long-term clinical, audio‑
logical, visual, neurocognitive and behavioral outcome in children with
symptomatic and asymptomatic congenital cytomegalovirus infection
treated with valganciclovir. Front Med (Lausanne). 2020;7:268.
Kenneson A, Cannon MJ. Review and meta-analysis of the epidemiol‑
ogy of congenital cytomegalovirus (CMV) infection. Rev Med Virol.
2007;17(4):253–76.
Fowler KB, Stagno S, Pass RF, Britt WJ, Boll TJ, Alford CA. The outcome of
congenital cytomegalovirus infection in relation to maternal antibody
status. N Engl J Med. 1992;326(10):663–7.
Griffiths P, Baraniak I, Reeves M. The pathogenesis of human cytomegalo‑
virus. J Pathol. 2015;235(2):288–97.
Sugar EA, Jabs DA, Ahuja A, Thorne JE, Danis RP, Meinert CL. Incidence of
cytomegalovirus retinitis in the era of highly active antiretroviral therapy.
Am J Ophthalmol. 2012;153(6):1016-1024.e1015.
Krishna BA, Wills MR, Sinclair JH. Advances in the treatment of cytomeg‑
alovirus. Br Med Bull. 2019;131(1):5–17.
Coppola T, Mangold JF, Cantrell S, Permar SR. Impact of maternal
immunity on congenital cytomegalovirus birth prevalence and infant
outcomes: a systematic review. Vaccines (Basel). 2019;7(4):129.
Dadashi M, Hajikhani B, Ghazi M, Yazdani S, Goudarzi M, Nasiri MJ,
Shokouhi S, Owlia P, Yaslianifard S. The global prevalence of Chlamydia
pneumoniae, Helicobacter pylori, Cytomegalovirus and Herpes simplex
virus in patients with coronary artery disease: a systematic review and
meta-analysis. Microb Pathog. 2021;152:104572.
Romero Starke K, Kofahl M, Freiberg A, Schubert M, Groß ML,
Schmauder S, Hegewald J, Kämpf D, Stranzinger J, Nienhaus A, et al.
The risk of cytomegalovirus infection in daycare workers: a sys‑
tematic review and meta-analysis. Int Arch Occup Environ Health.
2020;93(1):11–28.
Zheng QY, Huynh KT, van Zuylen WJ, Craig ME, Rawlinson WD. Cyto‑
megalovirus infection in day care centres: A systematic review and
meta-analysis of prevalence of infection in children. Rev Med Virol.
2019;29(1):e2011.
Lanzieri TM, Dollard SC, Josephson CD, Schmid DS, Bialek SR. Breast milkacquired cytomegalovirus infection and disease in VLBW and premature
infants. Pediatrics. 2013;131(6):e1937–1945.
Hamilton ST, van Zuylen W, Shand A, Scott GM, Naing Z, Hall B, Craig ME,
Rawlinson WD. Prevention of congenital cytomegalovirus complications
by maternal and neonatal treatments: a systematic review. Rev Med Virol.
2014;24(6):420–33.
Fletcher KT, Horrell EMW, Ayugi J, Irungu C, Muthoka M, Creel LM, Lester
C, Bush ML. The natural history and rehabilitative outcomes of hearing
loss in congenital cytomegalovirus: a systematic review. Otol Neurotol.
2018;39(7):854–64.
Riga M, Korres G, Chouridis P, Naxakis S, Danielides V. Congenital cyto‑
megalovirus infection inducing non-congenital sensorineural hearing
loss during childhood; a systematic review. Int J Pediatr Otorhinolaryngol.
2018;115:156–64.

Fowler et al. BMC Public Health

(2022) 22:1659

27. Styczynski J. Who is the patient at risk of CMV recurrence: a review of the
current scientific evidence with a focus on hematopoietic cell transplan‑
tation. Infect Dis Ther. 2018;7:1–16.
28. Women of reproductive age (15-49 years) population [https://www.who.int/
data/maternal-newborn-child-adolescent-ageing/indicator-explorer-new/
mca/women-of-reproductive-age-(15-49-years)-population-(thousands)]
29. World Economic Outlook. April 2020. [https://www.imf.org/external/
pubs/ft/weo/2020/01/weodata/groups.htm#lac]
30. Kaslow DC. Force of infection: a determinant of vaccine efficacy? NPJ Vac‑
cines. 2021;6(1):51.
31. Laboratory Testing. https://www.cdc.gov/cmv/clinical/lab-tests.html
32. Antona D, Lepoutre A, Fonteneau L, Baudon C, Halftermeyer-Zhou F. Y
LES, Lévy-Bruhl D: Seroprevalence of cytomegalovirus infection in France
in 2010. Epidemiol Infect. 2017;145(7):1471–8.
33. Styles JN, Converse RR, Griffin SM, Wade TJ, Klein E, Nylander-French LA,
Stewart JR, Sams E, Hudgens E, Egorov AI. Human cytomegalovirus infec‑
tions are associated with elevated biomarkers of vascular injury. Front Cell
Infect Microbiol. 2020;10:334.
34. Toriyabe K, Morikawa F, Minematsu T, Ikejiri M, Suga S, Ikeda T. Anticytomegalovirus immunoglobulin M titer for congenital infection in firsttrimester pregnancy with primary infection: a multicenter prospective
cohort study. J Perinatol. 2017;37(12):1272–7.
35. Arapović J, Rajič B, Pati S, Brizić I, Azinović I, Šušak B, Ostojić M, Tutiš B,
Raguž AB, Tomić V, et al. Cytomegalovirus seroprevalence and birth
prevalence of congenital CMV infection in Bosnia and Herzegovina: a
single-center experience. Pediatr Infect Dis J. 2020;39(2):140–4.
36. Barlinn R, Vainio K, Samdal HH, Nordbø SA, Nøkleby H, Dudman SG.
Susceptibility to cytomegalovirus, parvovirus B19 and age-dependent
differences in levels of rubella antibodies among pregnant women. J
Med Virol. 2014;86(5):820–6.
37. Gorun F, Motoi S, Malita D, Navolan DB, Nemescu D, Olariu TR, Craina M,
Vilibic-Cavlek T, Ciohat I, Boda D, et al. Cytomegalovirus seroprevalence in
pregnant women in the western region of Romania: a large-scale study.
Exp Ther Med. 2020;20(3):2439–43.
38. Plewik D, Tokarska-Rodak M, Paszkiewicz J, Szepeluk A. Seroprevalence of
rubella and cytomegalia in young women from Biała Podlaska District.
Pol J Microbiol. 2017;66(4):543–5.
39. Puccio G, Cajozzo C, Canduscio LA, Cino L, Romano A, Schimmenti MG,
Giuffrè M, Corsello G. Epidemiology of Toxoplasma and CMV serology
and of GBS colonization in pregnancy and neonatal outcome in a Sicilian
population. Ital J Pediatr. 2014;40:23.
40. Siennicka J, Dunal-Szcepaniak M, Trzcińska A, Godzik P, Rosińska M. High
seroprevalence of CMV among women of childbearing age implicates
high burden of congenital cytomegalovirus infection in Poland. Pol J
Microbiol. 2017;65(4):425–32.
41. Wujcicka W, Gaj Z, Wilczyński J, Sobala W, Spiewak E, Nowakowska D.
Impact of socioeconomic risk factors on the seroprevalence of cytomeg‑
alovirus infections in a cohort of pregnant Polish women between 2010
and 2011. Eur J Clin Microbiol Infect Dis. 2014;33(11):1951–8.
42. Alvarado-Esquivel C, Hernández-Tinoco J, Sánchez-Anguiano LF, RamosNevárez A, Cerrillo-Soto SM, Estrada-Martínez S, Martínez-Ramírez L,
Pérez-Álamos AR, Guido-Arreola CA. Seroepidemiology of cytomegalovi‑
rus infection in pregnant women in Durango City. Mexico BMC Infect Dis.
2014;14:484.
43. Alvarado-Esquivel C, Sandoval-Carrillo AA, Vazquez-Alaniz F, SalasPacheco JM, Hernández-Tinoco J, Sánchez-Anguiano LF, Antuna-Salcido
EI. Lack of association between cytomegalovirus infection and hyperten‑
sive disorders in pregnancy: a case-control study in Durango, Mexico. Eur
J Microbiol Immunol (Bp). 2017;7(3):229–33.
44. Alvarado-Esquivel C, Terrones-Saldivar MDC, Hernandez-Tinoco J, MunozTerrones MDE, Gallegos-Gonzalez RO, Sanchez-Anguiano LF, ReyesRobles ME, Antuna-Salcido EI. Seroepidemiology of cytomegalovirus
infection in pregnant women in the Central Mexican City of Aguascali‑
entes. J Clin Med Res. 2018;10(4):337–44.
45. Dollard SC, Staras SA, Amin MM, Schmid DS, Cannon MJ. National preva‑
lence estimates for cytomegalovirus IgM and IgG avidity and associa‑
tion between high IgM antibody titer and low IgG avidity. Clin Vaccine
Immunol. 2011;18(11):1895–9.
46. Lamarre V, Gilbert NL, Rousseau C, Gyorkos TW, Fraser WD. Seroconver‑
sion for cytomegalovirus infection in a cohort of pregnant women in
Québec, 2010–2013. Epidemiol Infect. 2016;144(8):1701–9.

Page 14 of 15

47. Wizman S, Lamarre V, Coic L, Kakkar F, Le Meur J-B, Rousseau C, Boucher
M, Tapiero B. Awareness of cytomegalovirus and risk factors for suscep‑
tibility among pregnant women, in Montreal, Canada. BMC Pregnancy
Childbirth. 2016;16(1):54.
48. Abdel Hamid SES, Abdel-Wahab KSE, Saleh LH, Davis GE, Hastie I, Booth
JC. Comparative epidemiology of infection with human cytomegalovirus
in Cairo and South London. Int J Virol. 2011;7(3):116–22.
49. Alari-Pahissa E, Moreira A, Zabalza A, Alvarez-Lafuente R, Munteis E, Vera
A, Arroyo R, Alvarez-Cermeno JC, Villar LM, Lopez-Botet M, et al. Low
cytomegalovirus seroprevalence in early multiple sclerosis: a case for the
“hygiene hypothesis”? Eur J Neurol. 2018;25(7):925–33.
50. Maple PAC, Tanasescu R, Gran B, Constantinescu CS. A different response
to cytomegalovirus (CMV) and Epstein-Barr virus (EBV) infection in UK
people with multiple sclerosis (PwMS) compared to controls. J Infect.
2020;80(3):320–5.
51. Vilibic-Cavlek T, Kolaric B, Beader N, Vrtar I, Tabain I, Mlinaric-Galinovic G.
Seroepidemiology of cytomegalovirus infections in Croatia. Wien Klin
Wochenschr. 2017;129(3–4):129–35.
52. Takao M, Yoshioka N, Hagiya H, Deguchi M, Kagita M, Tsukamoto H,
Hidaka Y, Tomono K, Tobe T. Risk for the occupational infection by
cytomegalovirus among health-care workers. J Infect Chemother.
2020;26(7):681–4.
53. Takemoto K, Nishimura N, Kozawa K, Hibino H, Kawaguchi M, Takeuchi S,
Fujishiro N, Arai S, Gotoh K, Hosono H, et al. Time-series analysis compar‑
ing the prevalence of antibodies against nine viral species found in
umbilical cord blood in Japan. Jpn J Infect Dis. 2016;69(4):314–8.
54. De la Tejera-Hernández C, Noyola D, Sánchez-Vargas L, Nava-Zárate N, De
La Cruz-Mendoza E, Gómez-Hernández A, Aranda-Romo S. Analysis of risk
factors associated to cytomegalovirus infection in dentistry students. J
Oral Res (Impresa). 2015;4(3):197–204.
55. Tiguman GMB, Poll LB, de Castro Alves CE, Pontes GS, Silva MT, Galvao TF.
Seroprevalence of cytomegalovirus and its coinfection with Epstein-Barr
virus in adult residents from Manaus: a population-based study. Revista
da Sociedade Brasileira de Medicina Tropical. 2020;53:e20190363.
56. Firth C, Harrison R, Ritchie S, Wardlaw J, Ferro CJ, Starr JM, Deary IJ, Moss P.
Cytomegalovirus infection is associated with an increase in systolic blood
pressure in older individuals. QJM. 2016;109(9):595–600.
57. González-Quijada S, Mora-Simón MJ, Martin-Ezquerro A. Association
between serological evidence of past Coxiella burnetii infection and
atherosclerotic cardiovascular disease in elderly patients. Clin Microbiol
Infect. 2014;20(9):873–8.
58. Stowell JD, Mask K, Amin M, Clark R, Levis D, Hendley W, Lanzieri TM,
Dollard SC, Cannon MJ. Cross-sectional study of cytomegalovirus shed‑
ding and immunological markers among seropositive children and their
mothers. BMC Infect Dis. 2014;14:568.
59. Grosjean J, Trapes L, Hantz S, Mengelle C, Virey B, Undreiner F, Messager V,
Denis F, Marin B, Alain S. Human cytomegalovirus quantification in tod‑
dlers saliva from day care centers and emergency unit: a feasibility study.
J Clin Virol. 2014;61(3):371–7.
60. Romero-Gómez MP, Cabrera M, Montes-Bueno MT, Cendejas-Bueno E,
Segovia C, Pastrana N, Mingorance J, Omeñaca F. Evaluation of cytomeg‑
alovirus infection in low-birth weight children by breast milk using a
real-time polymerase chain reaction assay. J Med Virol. 2015;87(5):845–50.
61. Petersen MR, Patel EU, Abraham AG, Quinn TC, Tobian AAR. Changes in
cytomegalovirus seroprevalence among U.S. children aged 1–5 years:
the national health and nutrition examination surveys. Clin Infect Dis.
2020;72(9):e408–11.
62. Ssentongo P, Hehnly C, Birungi P, Roach MA, Spady J, Fronterre C, Wang
M, Murray-Kolb LE, Al-Shaar L, Chinchilli VM, et al. Congenital cytomeg‑
alovirus infection burden and epidemiologic risk factors in countries with
universal screening: a systematic review and meta-analysis. JAMA Netw
Open. 2021;4(8):e2120736.
63. Adler SP. Cytomegalovirus and child day care: risk factors for maternal
infection. Pediatr Infect Dis J. 1991;10(8):590–4.
64. van Zuylen WJ, Zheng QY, Hamilton ST, Egilmezer EE, Craig ME, Gralton J,
Rawlinson WD. Prevalence of cytomegalovirus carriage among childcare
staff. J Paediatr Child Health. 2017;53(7):724.
65. van Rijckevorsel GG, Bovee LP, Damen M, Sonder GJ. Schim van der Loeff
MF, van den Hoek A: Increased seroprevalence of IgG-class antibodies
against cytomegalovirus, parvovirus B19, and varicella-zoster virus in
women working in child day care. BMC Public Health. 2012;12:475.

Fowler et al. BMC Public Health

(2022) 22:1659

Page 15 of 15

66. Wang C, Dollard SC, Amin MM, Bialek SR. Cytomegalovirus IgM seropreva‑
lence among women of reproductive age in the United States. PLoS One.
2016;11(3):e0151996.
67. Prince HE, Lape-Nixon M, Brenner A, Pitstick N, Couturier MR. Potential
impact of different cytomegalovirus (CMV) IgM assays on an algorithm
requiring IgM reactivity as a criterion for measuring CMV IgG avidity. Clin
Vaccine Immunol. 2014;21(6):813–6.
68. Miendje Deyi Y, Goubau P, Bodeus M. False-positive IgM antibody tests for
cytomegalovirus in patients with acute Epstein-Barr virus infection. Eur J
Clin Microbiol Infect Dis. 2000;19(7):557–60.
69. Dowd JB, Aiello AE, Alley DE. Socioeconomic disparities in the seropreva‑
lence of cytomegalovirus infection in the US population: NHANES III.
Epidemiol Infect. 2009;137(1):58–65.
70. Lawrence GM, Friedlander Y, Calderon-Margalit R, Enquobahrie DA,
Huang JY, Tracy RP, Manor O, Siscovick DS, Hochner H. Associations of
social environment, socioeconomic position and social mobility with
immune response in young adults: the Jerusalem Perinatal Family FollowUp Study. BMJ Open. 2017;7(12):e016949.
71. Messinger CJ, Lipsitch M, Bateman BT, He M, Huybrechts KF, MacDonald
S, Mogun H, Mott K, Hernandez-Diaz S. Association between congenital
cytomegalovirus and the prevalence at birth of microcephaly in the
United States. JAMA Pediatr. 2020;174(12):1159–67.
72. Fowler KB, Ross SA, Shimamura M, Ahmed A, Palmer AL, Michaels MG,
Bernstein DI, Sanchez PJ, Feja KN, Stewart A, et al. Racial and ethnic
differences in the prevalence of congenital cytomegalovirus infection. J
Pediatr. 2018;200(196–201):e191.
73. Pribakovic JA, Katanic N, Radevic T, Tasic MS, Kostic M, Stolic B, Radulovic
A, Minic V, Bojovic K, Katanic R. Serological status of childbearing-aged
women for Toxoplasma gondii and cytomegalovirus in Northern Kosovo
and Metohija. Rev Soc Bras Med Trop. 2019;52:e-20170313.
74. De BilletteVillemeur A, Tattevin P, Salmi LR. Hygiene promotion might be
better than serological screening to deal with cytomegalovirus infection
during pregnancy: a methodological appraisal and decision analysis.
BMC Infect Dis. 2020;20(1):418.
75. Cannon MJ, Hyde TB, Schmid DS. Review of cytomegalovirus shedding in
bodily fluids and relevance to congenital cytomegalovirus infection. Rev
Med Virol. 2011;21(4):240–55.
76. Scarpini S, Morigi F, Betti L, Dondi A, Biagi C, Lanari M. Development of a
vaccine against human cytomegalovirus: advances, barriers, and implica‑
tions for the clinical practice. Vaccines (Basel). 2021;9(6):551.
77. Lazzarotto T, Blázquez-Gamero D, Delforge ML, Foulon I, Luck S, Modrow
S, Leruez-Ville M. Congenital cytomegalovirus infection: a narrative review
of the issues in screening and management from a panel of European
experts. Front Pediatr. 2020;8:13.
78. Stowell JD, Forlin-Passoni D, Radford K, Bate SL, Dollard SC, Bialek SR, Can‑
non MJ, Schmid DS. Cytomegalovirus survival and transferability and the
effectiveness of common hand-washing agents against cytomegalovirus
on live human hands. Appl Environ Microbiol. 2014;80(2):455–61.
79. Cannon MJ, Davis KF. Washing our hands of the congenital cytomegalovi‑
rus disease epidemic. BMC Public Health. 2005;5:70.
80. Manicklal S, Emery VC, Lazzarotto T, Boppana SB, Gupta RK. The “silent”
global burden of congenital cytomegalovirus. Clin Microbiol Rev.
2013;26(1):86–102.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

