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Abstract

Objectives

To assess awareness of cytomegalovirus (CMV); attitudes towards screening; and fre-

quency of behaviors that could increase the risk of prenatal infection.

Methods

We conducted a survey among 726 women at the 2017 Minnesota State Fair. Minnesota

residents aged 18–44 were eligible if they had never been pregnant or had been pregnant

within the past 10 years. We compared responses between never-pregnant and recently-

pregnant women.

Results

Only 20% of study participants had previously heard of CMV. Remarkably, recently-preg-

nant women were no more likely to be aware of CMV than never-pregnant women after

adjusting for potential confounders. After receiving information about CMV, nearly all partici-

pants indicated they believed prenatal (96%) or newborn (96%) screening should be

offered.

Conclusions

Although baseline awareness of CMV was low (even among recently-pregnant women),

after learning more about the risks, women supported screening. Several states have

passed or proposed legislation promoting CMV education and/or screening programs. We

identified important gaps in knowledge about CMV among women who may benefit from

education about how to reduce their risk of exposure and who may need to decide whether

they would be willing to screen for CMV in the future.
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Introduction

Cytomegalovirus (CMV) is a commonly acquired infection and a member of the Herpesviridae
family. Among healthy individuals, CMV infection usually causes no symptoms; however,

when CMV is transmitted congenitally (congenital CMV or cCMV) it can cause severe

sequelae. Each year approximately 0.7% of newborns in the United States are infected with

CMV in utero [1,2]. Approximately 20% of congenital CMV infections result in permanent

disabilities, including microcephaly, hearing loss, vision loss, cerebral palsy, seizure disorders,

or cognitive impairment [2]. The prevalence of cCMV is higher than Down syndrome, fetal

alcohol syndrome, and spina bifida [3]. CMV is typically transmitted via direct mucosal con-

tact with infected bodily fluids such as urine or saliva. The risk of congenital transmission is

greatest in the setting of a primary maternal infection in pregnancy. Evidence suggests that

contact with the urine or saliva of young children may be an important source of infection

among women of reproductive age, and avoiding such exposures is a target for risk reduction

interventions that could be offered to women during pregnancy [4,5]. Recommendations

regarding strategies for promoting avoidance of direct contact with saliva (for example, avoid-

ing sharing food, cups or utensils), and to encourage handwashing after every contact with dia-

pers, are generally well-accepted approaches [6,7] and can be effective for reducing prenatal

CMV infection [4,8,9].

Despite the relatively high prevalence of cCMV infections and potentially serious effects,

many women are unfamiliar with the risk of cCMV [5,6,10–12]. Prior studies have estimated

that only 9% [12] to 22% [5] of women have heard of cCMV. Similarly, efforts have been made

to compare cCMV awareness between parents and non-parents [12,13] or between ever- ver-

sus never-pregnant women [5]. However, to our knowledge no prior studies have compared

cCMV awareness between recently pregnant women, who have likely had access to education

about healthy pregnancies during prenatal care, and women who have never been pregnant.

Such comparisons could enhance our understanding of whether women who recently experi-

enced a pregnancy received adequate information about cCMV during, or since that time. In

addition, only one study has evaluated women’s opinions about newborn screening for cCMV

[14]. This nationally representative survey found that about 85% of parents would want to

have their newborn tested for CMV. While recommendations tend to include efforts to reduce

exposure to saliva and urine, few studies have assessed the frequency with which women report

engaging in activities that could lead to exposure [6,11]. Understanding current knowledge,

attitudes, or practices regarding cCMV is particularly important at present because multiple

states are considering or implementing legislative initiatives to promote cCMV education and/

or screening programs. As of 2018, ten states have passed legislation that mandate providing

cCMV education, and five more states (including Minnesota) have proposed such legislation.

Five states have mandates requiring cCMV screening (or the offer of screening) for newborns

who fail the newborn hearing screening [15].

We conducted a survey among women who had recently been pregnant and women who

had never been pregnant to assess: 1) knowledge of the risks of CMV infection during preg-

nancy; 2) attitudes towards CMV screening in pregnancy and cCMV screening as part of a

newborn screening program; and 3) frequency of activities that may increase risk of CMV

exposure. The aim of our study was to compare recently-pregnant women with never-preg-

nant women to assess the relative understanding of each group regarding the risks of cCMV.

Such a comparison, in turn, could yield insights into the question of what information is being

conveyed, either during routine prenatal care or via other sources.

Low CMV awareness among women

PLOS ONE | https://doi.org/10.1371/journal.pone.0221725 August 26, 2019 2 / 13

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0221725


Methods

Data collection

We conducted a survey at the University of Minnesota Driven to Discover (D2D) Research

Facility [16] at the Minnesota State Fair between August 27–31, 2017. The Minnesota State

Fair draws over 1.7 million attendees each year [17], and in 2017 over 60,000 fair attendees vis-

ited the D2D Research Facility [16]. Volunteer staff recruited participants by engaging with

fairgoers at the D2D Facility, describing the survey and the incentive to participate. Interested

individuals completed a screening form to determine if they met the following eligibility crite-

ria: female; aged 18–44 years; Minnesota residents at least six months of the year; able to read

and speak English fluently; not currently pregnant, and either had never been pregnant

(never-pregnant women) or had been pregnant within the past 10 years (recently-pregnant

women). The 10-year threshold was chosen to reflect a time period over which it would be rea-

sonable for respondents to recall, during which we might expect somewhat similar prenatal

care, and to balance the need to enroll a sufficiently large sample of previously pregnant

women. Eligible potential participants reviewed consent information prior to answering sur-

vey questions. Participants received a University of Minnesota drawstring backpack contain-

ing fact sheets on cCMV. Our target sample size of 600 participants reflected our primary aim

to estimate the proportion of participants who had heard about cCMV prior to the survey.

This study was reviewed and approved by the University of Minnesota Institutional Review

Board (STUDY00003321).

A 10-minute survey was developed based on prior mailed surveys in HealthStyles [11] of

knowledge, attitudes, and practices regarding cCMV. Eight women who met study inclusion

criteria pilot tested the survey. The survey included questions about participant demographics,

knowledge of cCMV and other diseases and conditions, attitudes towards screening for CMV

and cCMV, and practices that are thought to be risk factors for CMV infection. First, we asked

questions about awareness of cCMV and other diseases and conditions. In the list of diseases,

we included one fictitious item, “jolivirus”, to assess internal validity of responses; particularly

whether a high proportion of respondents would check all conditions to advance quickly

through the survey. We performed additional sensitivity analyses of cCMV knowledge by cal-

culating the percentage that had heard of cCMV and running adjusted logistic regression anal-

yses excluding women who indicated they had heard of every disease and condition presented,

including jolivirus. After participants indicated their baseline knowledge of cCMV, we pro-

vided concise educational information adapted from a Fact Sheet by the National CMV Foun-

dation[18] including incidence and outcomes associated with cCMV. We then gathered data

from participants regarding their screening preferences. Attitudes towards possible screening

options were assessed using a five-point Likert scale, ranging from “strongly disagree” to

“strongly agree”. To assess practices that might increase the risk of CMV transmission, we

asked women six questions about behaviors that could potentially lead to the transmission of

CMV and, as a control, seven questions about behaviors that are unlikely to increase the risk

of CMV transmission for comparison. Four of the questions about behaviors that may increase

the risk of CMV transmission were adapted from the HealthStyles survey [11]. Our survey

instructed participants who had at least one biological child to answer the questions with that

child in mind. Participants who did not have children were asked if they were to have a child,

how often did they think they would engage in the activities described. The complete survey,

including instructions and educational text, is provided in supplementary material online (S1

Table).

Participants completed the survey using Apple iPads, and responses were automatically

recorded in a secure RedCap software database [19]. All survey questions required a response
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to continue through the survey except for questions relating to demographic information. If a

participant entered a value outside of the accepted range for continuous responses such age or

year, a message would appear requesting that they confirm their response. Participants could

then choose to keep their original entry or revise it.

Study advertising materials did not reference cytomegalovirus or CMV by name. This strat-

egy was intentional, and was meant to ensure that participants would not be more likely to

state they had heard of CMV, or suspect it as the most common cause of birth defects, when

presented with a list of diverse diseases and conditions.

Statistical analysis

Data were analyzed using SAS 9.4 (Carey, NC) and Stata 14 (StataCorp LP, College Station,

TX). Descriptive statistics included calculating means for continuous variables and propor-

tions for categorical variables. Responses from recently-pregnant women were compared with

responses from never-pregnant women using t-tests (for continuous responses) and chi-

squared tests (for dichotomous responses) along with corresponding 95% confidence intervals.

Questions regarding knowledge, attitudes, and practices were compared between the two

strata (never-pregnant and recently-pregnant women) using multivariable logistic regression.

Dependent variables based on multiple choice questions that asked participants to select the

correct answer were coded as correct (1) or incorrect (0) to model the odds of identifying the

correct response. Models were adjusted for potential confounding variables, which were

selected a priori due to likely associations with the exposure and the outcome of interest [11].

We accounted for the potential confounding effects of the following demographic variables in

our models by adjusting for: age (categorical; (18–24; 25–29; 30–34; 35–39; and 40–44 years),

education (binary; bachelor’s degree or higher versus less than a bachelor’s degree (including

“other”)), race/ethnicity (categorical; White, non-Hispanic; Asian, non-Hispanic; Other),

income (categorical: annual income Under $20,000; $20,000–59,999; $60,000–99,999; or

$100,000+) and history of working in a daycare (binary: Yes; No/I Don’t Know) or in health-

care (binary: Yes; No/I Don’t Know).

Results

Participants

Of 856 individuals who were screened, 743 were eligible and 733 completed the survey (98.7%

participation rate among those eligible). Seven participants who completed the survey were

excluded from analysis because their responses to age or pregnancy history questions in the

survey deemed them ineligible, resulting in 726 responses included in our analysis.

Demographics

The mean age of the 726 participants was 28.6 years. Over half of the respondents had a bache-

lor’s degree or higher (58.8%). Overall, 83.3% reported their race as white, and 95.7% were not

Hispanic or Latino. Ninety percent were born in the United States (Table 1). Overall, 28.1%

(n = 204) of women reported that they were recently-pregnant while 71.9% (n = 522) were

never-pregnant. Twenty women reported that they had been pregnant, but that they had no

biological children. Recently-pregnant women were older on average than never-pregnant

women (35.4 years versus 25.9 years, respectively, (9.5 years difference 95% CI: 8.5–10.6),

p<0.0001) although both groups included women from the full range of eligible ages (18–44

years). A greater percentage of recently-pregnant women than never-pregnant women held a
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Table 1. Demographics of the 726 participants who completed the survey by pregnancy history.

Category Subcategory All

n = 726

Recently

Pregnant

n = 204

Never Pregnant

n = 522

n (%) n (%) n (%)

Age Mean (Standard Deviation) 28.6 (7.7) 35.4 (5.8) 25.9 (6.6)

Highest Level of Education Attained Some high school 9 (1.2) 1 (0.5) 8 (1.5)

High school diploma or GED 70 (9.6) 8 (3.9) 62 (11.9)

Some college, no degree 146

(20.1)

22 (10.8) 124 (23.8)

Associate’s degree 72 (9.9) 27 (13.2) 45 (8.6)

Bachelor’s degree 272

(37.5)

80 (39.2) 192 (36.8)

Graduate or professional

degree

155

(21.3)

66 (32.4) 89 (17.0)

Other 2 (0.3) 0 2 (0.4)

Ethnicity Hispanic or Latino 31 (4.3) 5 (2.5) 26 (5.0)

Not Hispanic or Latino 695

(95.7)

199 (97.5) 496 (95.0)

Race White 605

(83.3)

181 (88.7) 424 (81.2)

Asian 64 (8.8) 12 (5.9) 52 (10.0)

Multiracial 24 (3.3) 4 (2.0) 20 (3.8)

American Indian or Alaska

Native

11 (1.5) 2 (1.0) 9 (1.7)

Other 11 (1.5) 1 (0.5) 10 (1.9)

Black or African American 9 (1.2) 3 (1.5) 6 (1.1)

Hawaiian or Other Pacific

Islander

1 (0.1) 1 (0.5) 0

Missing 1 (0.1) 0 1 (0.2)

US Born No 67 (9.2) 13 (6.4) 54 (10.3)

Yes 659

(90.8)

191 (93.6) 468 (89.7)

Household Income Under $20,000 111

(15.3)

8 (3.9) 103 (19.7)

$20,000–59,999 235

(32.4)

41 (20.1) 194 (37.2)

$60,000–99,999 186

(25.6)

57 (27.9) 129 (24.7)

$100,000+ 192

(26.4)

98 (48.0) 94 (18.0)

Missing 2 (0.3) 0 2 (0.4)

Worked in Daycare Yes 165

(22.7)

48 (23.5) 117 (22.4)

No 557

(76.7)

156 (76.5) 401 (76.8)

I don’t know 4 (0.6) 0 4 (0.8)

Worked as Healthcare Provider Yes 220

(30.3)

80 (39.2) 140 (26.8)

No 500

(68.9)

121 (59.3) 379 (72.6)

I don’t know 6 (0.8) 3 (1.5) 3 (0.6)

(Continued)
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Bachelor’s degree or higher (71.6% versus 58.3%, respectively, 13.3% difference, p = 0.0002)

(Table 1).

Knowledge, attitudes, and practices

Only 20% of participants indicated that they had heard of cCMV–indeed, fewer had heard of

cCMV than any of the other 10 conditions listed. Most women were familiar with influenza,

Down syndrome, autism, sudden infant death syndrome (SIDS), and fetal alcohol syndrome

(Fig 1). As part of our data quality check, we noted that 7.7% indicated that they had heard of

the fictitious “jolivirus”, and that 3.0% of participants had selected all 12 conditions. Among

the women who did not identify the fictitious jolivirus, regardless of their other responses,

17.9%. (120/670) indicated they were aware of CMV. Among the women who had not chosen

every response including jolivirus, 17.5% (123/704) had indicated that they were aware of

cCMV.

Among all women with knowledge of cCMV, the most commonly cited sources of informa-

tion were school (37.9%) and work (36.6%). When answering multiple choice questions about

cCMV, only 13.1% of all participants correctly responded that cCMV was the most common

cause of birth defects; and only 14.9% correctly identified that hearing loss was the most com-

mon problem associated with cCMV. Over half of women (55.0%) correctly responded that

screening for CMV was not typically offered during pregnancy in the United States, though a

quarter were not sure if it was. Fewer women correctly responded that newborns are not usu-

ally screened for cCMV in the United States (38.6%). A complete description of the distribu-

tion of responses is provided in Table 2 and S1 Table.

Table 1. (Continued)

Category Subcategory All

n = 726

Recently

Pregnant

n = 204

Never Pregnant

n = 522

n (%) n (%) n (%)

Number of Biological Children 0 20 (2.8) 20 (9.8) 0

1 46 (6.3) 46 (22.5) 0

2 76 (10.5) 76 (37.3) 0

3 45 (6.2) 45 (22.1) 0

4 13 (1.8) 13 (6.4) 0

5 2 (0.3) 2 (1.0) 0

6 2 (0.3) 2 (1.0) 0

Plan to Become Pregnant in Future Yes 391

(53.9)

54 (26.5) 337 (64.6)

No 210

(28.9)

125 (61.3) 85 (16.3)

I don’t know 125

(17.2)

25 (12.3) 100 (19.2)

When Planning to Become Pregnant (Among those planning to become
pregnant in the future)

Within 1 year 40 (10.2) 20 (37.0) 20 (5.9)

In 1–5 years 193

(49.4)

32 (59.3) 161 (47.8)

In 6–10 years 123

(31.5)

1 (1.9) 122 (36.2)

In more than 10 years 18 (4.6) 0 18 (5.3)

I don’t know 17 (4.3) 1 (1.9) 16 (4.7)

https://doi.org/10.1371/journal.pone.0221725.t001
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Fig 1. Awareness of diseases and conditions by pregnancy history. � Statistically significant differences between those recently-pregnant

(grey bars) and those never-pregnant (blue bars) (chi-square test p-value< 0.05). + Jolivirus is a fictitious virus included to assess validity of

survey responses.

https://doi.org/10.1371/journal.pone.0221725.g001

Table 2. Knowledge of congenital cytomegalovirus (CMV) and prenatal and newborn CMV screening by pregnancy status comparing recently pregnant with never

pregnant women (OR>1 indicates greater odds among recently-pregnant than among never-pregnant women).

Total

(n = 726)

Recently

pregnant

(n = 204)

Never

Pregnant

(n = 522)

Unadjusted Model

(Recently versus Never

Pregnant)

Adjusted Modela

(Recently versus

Never Pregnant)

n % n % n % OR (95% CI) OR (95%

CI)

p-valuef

Heard of CMV 145 20.0 66 32.4 79 15.1 2.7 (1.8, 3.9) 1.5 (0.9, 2.6) 0.12

Aware that CMV is the Most Common Cause of Birth Defects b 95 13.1 27 13.2 68 13.0 1.0 (0.6, 1.6) 0.8 (0.4, 1.4) 0.44

Aware that Hearing Loss is Most Common Problem among infants with

cCMVc
108 14.9 42 20.6 66 12.6 1.8 (1.2, 2.7) 1.4 (0.8, 2.4) 0.19

Aware that Pregnant women are not usually screened for CMV d 399 55.0 119 58.3 280 53.6 1.2 (0.9, 1.7) 1.2 (0.8, 1.8) 0.37

Aware that Newborns not usually screened for CMV e 280 38.6 94 46.1 186 35.6 1.5 (1.1, 2.1) 1.3 (0.8, 1.9) 0.25

aAdjusted for age category, education, race/ethnicity, income, prior/current work in healthcare, and prior/current work in daycare (n = 724).
b Modeled the odds of correctly selecting “Congenital Cytomegalovirus (CMV)” when asked “Which of the following do you think causes the most birth defects among

babies born in the United States?”
c Modeled the odds of correctly selecting “Hearing Loss” when asked “What do you think the most common problem babies with congenital cytomegalovirus have?”
d Modeled the odds of correctly answering “No” versus “Yes” or “I don’t Know” when asked “Do you think women are usually screened for CMV during pregnancy in

the United States?”
e Modeled the odds of correctly answering “No” versus “Yes” or “I don’t Know” when asked “Do you think newborns are usually screened for CMV in the United

States?”
f P-value for recently-pregnant versus never-pregnant comparison.

https://doi.org/10.1371/journal.pone.0221725.t002
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After learning more about the incidence and risks of CMV and cCMV, 96.4% of women

believed that screening should be offered to pregnant women, and 76.6% indicated they would

choose prenatal screening for themselves if they were to become pregnant in the future. Simi-

larly, 96.2% believed that newborn screening should be offered, and 82.1% would choose to

have their baby to be screened for cCMV if they were to have a baby in the future (Table 3).

When asked about behavioral practices, a high proportion of women reported engaging in

activities that may increase risk of CMV transmission, including kissing their child on the lips

(80.7%), sharing a cup (83.2%), eating utensils (82.2%), or food (88.6%) with their child

“rarely” or “often”. As expected, nearly all women responded they would participate in com-

mon care-taking behaviors with their child, including bathing the child (97.4%), and changing

diapers (98.3%) (Table 4).

Differences in knowledge, attitudes, and practices between groups

Recently-pregnant women were more likely to have heard of Streptococcus agalactiae (Group

B Strep), cCMV, Neural Tube Defect, Rubella, Sudden Infant Death Syndrome (SIDS), and

Toxoplasmosis (Toxo) than never-pregnant women (chi-square tests of proportions p<0.05)

(Fig 1). Higher education, older age group, and history of working in healthcare were all posi-

tively associated with cCMV awareness. After adjusting for these factors, there was no signifi-

cant difference in cCMV awareness by pregnancy history in the logistic regression model, or

in sensitivity analysis that excluded participants who indicated they had heard of all conditions

listed, including jolivirus (results not shown).

Never-pregnant women were more likely to strongly agree that newborn screening should

be offered (59.6% compared with 45.6% of recently-pregnant women, chi-square p-value

<0.001). Never-pregnant women were also more likely to state they would choose newborn

screening if given the option in the future; 85.6% would choose newborn screening compared

with 73.0% of recently-pregnant women (chi-square, p-value<0.001) (Table 3). About 90% of

women who had children responded that they had kissed their young child on the lips and

about 58% had cleaned a pacifier with her own mouth (Table 4). Women without children

expected to perform these behaviors less frequently, with 77% indicating they would kiss their

child on the lips, and 41% stating they would clean a pacifier with their own mouth (chi-square

p-values for both comparisons <0.001) (Table 4).

Discussion

We found that awareness of cCMV among women aged 18–44 years was low regardless of

pregnancy history, with only 20% of all women of reproductive age indicating awareness of the

infection prior to the survey. The majority of participants incorrectly assumed cCMV was less

common than other, more widely discussed causes of pregnancy complications and congenital

syndromes. Participants (especially recently-pregnant participants) reported frequently engag-

ing in common behaviors that could increase risk for child-to-parent transmission of CMV

such as sharing food, cups, or utensils. Because infants and young children with CMV infec-

tion typically demonstrate sustained, high-level shedding of virus in urine and saliva [20],

activities that could expose pregnant women to viral shedding an potentially transmit the path-

ogen are of concern. Our results demonstrate a need for greater education and awareness

among women of reproductive age about the risks of CMV transmission and cCMV. Our

results also indicate that once women become aware of CMV, they demonstrate interest in

potential engagement in screening programs, both for themselves and for their newborn

infants. As never-pregnant women were more strongly in favor of screening programs than
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recently-pregnant women, this could indicate that a woman’s past experience of prenatal care

or parenthood impacts her attitudes towards screening.

We designed our survey to assess issues related to cCMV awareness and attitudes toward

screening using a more detailed and comprehensive approach than other surveys. This allowed

us to evaluate multiple aspects of individual awareness, attitudes, and preferences regarding

cCMV. However, comparing our results to other surveys can elucidate trends. For example,

the nationally-representative HealthStyles survey found decreases in cCMV awareness among

women ranging from 14% in 2005, to 13% in 2010, and only 9% in both 2015 and 2016 [12].

At 20%, our 2017 survey indicated a higher percentage of awareness among our sample group

(which included a high proportion of highly educated women in Minnesota) than the Health-

Styles surveys. High acceptability of newborn screening in our study (82% stated they would

want their newborn tested) was consistent with the 2009 HealthStyles survey that found 85%

of parents would want their newborn tested even if it were not routine, if they had to pay $20,

or if CMV-related problems never developed in their baby [14].

While we conducted a comprehensive survey among a large number of respondents to

learn more about cCMV awareness and attitudes towards screening, our survey is limited in

that we drew a convenience sample from Minnesota State Fair attendees choosing to visit the

University of Minnesota D2D Research Facility, who are unlikely to be representative of the

general population. Among all survey participants, 59% had a bachelor’s degree or higher,

compared with 40% of all Minnesotans aged 25–44 [21]. In previous studies, higher educa-

tional attainment was associated with greater knowledge about cCMV [11,12]. Our survey

sample included a high proportion of highly educated respondents and, as a result, our esti-

mates of the proportion of women knowledgeable about cCMV may actually overestimate

awareness compared to a random sample of the general population. Due to the limited

Table 3. Attitudes towards prenatal and newborn cytomegalovirus screening by pregnancy history.

All (n = 726) Recently Pregnant (n = 204) Never Pregnant (n = 522) Chi-Square

p-value

Question Response n (%) n (%) n (%)

Prenatal Screening for CMV

Think it should be offered Strongly agree 368 (50.7) 81 (39.7) 287 (55.0) <0.0001

Somewhat agree 147 (20.2) 48 (23.5) 99 (19.0)

Agree 185 (25.5) 59 (28.9) 126 (24.1)

Somewhat disagree 20 (2.8) 12 (5.9) 8 (1.5)

Strongly disagree 6 (0.8) 4 (2.0) 2 (0.4)

Would choose to be screened Yes 556 (76.6) 132 (64.7) 424 (81.2) <0.0001

No 56 (7.7) 29 (14.2) 27 (5.2)

I don’t know 114 (15.7) 43 (21.1) 71 (13.6)

Newborn Screening for CMV

Think it should be offered Strongly agree 404 (55.6) 93 (45.6) 311 (59.6) 0.0062

Somewhat agree 125 (17.2) 47 (23.0) 78 (14.9)

Agree 169 (23.3) 52 (25.5) 117 (22.4)

Somewhat disagree 21 (2.9) 9 (4.4) 12 (2.3)

Strongly disagree 7 (1.0) 3 (1.5) 4 (0.8)

Would choose for baby to be screened Yes 596 (82.1) 149 (73.0) 447 (85.6) 0.0005

No 38 (5.2) 17 (8.3) 21 (4.0)

I don’t know 91 (12.5) 37 (18.1) 54 (10.3)

Missing 1 (0.1) 1 (0.5) 0

https://doi.org/10.1371/journal.pone.0221725.t003
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participation of individuals from a diversity of backgrounds, we were not able to assess how

awareness may differ based on race, ethnicity, or other factors. Future studies should seek

greater participation of individuals from underrepresented racial and ethnic groups. Self-

reported responses can be subject to recall and response biases. To reduce recall bias relating

to pregnancy or early child-care, we included only women who had been pregnant within the

past 10 years, rather than “ever-pregnant”, in the “recently-pregnant” group. We minimized

the potential for participants to give perceived desirable responses by designing a self-adminis-

tered survey. In addition, we included several measures to assess internal validity. We included

“jolivirus” in the list of diseases and conditions, to assess whether a high proportion of respon-

dents would check all conditions to advance through the survey more quickly, but we did not

find cause for concern. Participants received only basic information about cCMV and CMV

screening in our study and may not have fully understood reasons why screening might not be

desirable (e.g. the experience of a false positive screen). Our study aimed to assess hypothetical

support for screening generally, consistently with previous studies. Future studies should

Table 4. Frequency of common behaviors/practice among parents of young children, some of which could lead to transmission of pathogens and may contribute to

child-to-mother CMV transmission (marked with an +).

Respondent Group Frequency of behavior/practice

Had biological child(ren) a Often Rarely Never Chi-Square p-value

Behavior/Practice n (%) n (%) n (%)

Kiss child on lips+ Yes 138 (75.0) 28 (15.2) 18 (9.8) < .0001

No 224 (41.3) 196 (36.2) 122 (22.5)

Share cup+ Yes 119 (64.7) 54 (29.3) 11 (6.0) < .0001

No 223 (41.1) 208 (38.4) 111 (20.5)

Share utensils+ Yes 110 (59.8%) 62 (33.7%) 12 (6.5%) < .0001

No 236 (43.5%) 189 (34.9%) 117 (21.6%)

Share food+ Yes 145 (78.8%) 35 (19.0%) 4 (2.2%) < .0001

No 296 (54.6%) 167 (30.8%) 79 (14.6%)

Clean pacifier with mouth+ Yes 62 (33.7%) 45 (24.5%) 77 (41.8%) < .0001

No 91 (16.8%) 130 (24.0%) 321 (59.2%)

Share toothbrush+ Yes 25 (13.6%) 21 (11.4%) 138 (75.0%) 0.0686

No 45 (8.3%) 82 (15.1%) 415 (76.6%)

Give child a bath Yes 178 (96.7) 6 (3.3) 0 0.027

No 499 (92.1) 24 (4.4) 19 (3.5)

Wash child’s hair Yes 175 (95.1) 9 (4.9) 0 (0.0) 0.0007

No 459 (84.7) 65 (12.0) 18 (3.3)

Change diaper Yes 184 (100) 0 0 0.0086

No 515 (95.0) 15 (2.8) 12 (2.2)

Kiss child on cheek or top of head Yes 183 (99.5) 1 (0.5) 0 0.0002

No 489 (90.2) 36 (6.6) 17 (3.1)

Give child pacifier Yes 130 (70.7%) 32 (17.4%) 22 (12.0%) 0.0141

No 410 (75.6%) 102 (18.8%) 30 (5.5%)

Clean pacifier Yes 127 (69.0%) 33 (17.9%) 24 (13.0%) < .0001

No 456 (84.1%) 53 (9.8%) 33 (6.1%)

Brush teeth Yes 173 (94.0%) 10 (5.4%) 1 (0.5%) 0.0007

No 451 (83.2%) 63 (11.6%) 28 (5.2%)

a Women with one or more biological children were asked to answer based on when their youngest child was in diapers. Women who had no biological children were

asked to answer what they thought they would do if they were to care for a child who was still in diapers.

https://doi.org/10.1371/journal.pone.0221725.t004
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provide comprehensive information to participants to ensure they are able to critically evaluate

the potential benefits and harms of prenatal or newborn screening. and to assess their likely

real-world decisions. In the list of behaviors, we included numerous common behaviors,

including both practices that could increase the risk of CMV, and practices that have not been

shown to increase risk of CMV transmission (e.g. giving a child a bath), to avoid the appear-

ance that “never” or “rarely” were the preferred responses.

Overall, our study provides a large, robust assessment of current cCMV awareness and atti-

tudes among women of reproductive age, a key target group for increasing cCMV awareness.

Legislation regarding CMV was first proposed in Minnesota in 2018, and would have man-

dated that education about the risks of CMV be provided to both the general public and to

healthcare providers [22]. Our study provides data about baseline awareness that can help

inform policy decisions and can be used to evaluate the population-level impact of new policies

in the future. The question of whether women should be routinely screened for CMV antibod-

ies before and/or during pregnancy is controversial and warrants further research [23]. How-

ever, increasing knowledge and awareness of cCMV among women of child-bearing age could

have an impact on the risk of acquisition of infection [4]. Strategies to reduce acquisition of

CMV during pregnancy are needed, since prevention of maternal infection could reduce

adverse neurodevelopmental and audiological outcomes in children. This study identifies key

areas that can be targeted to increase awareness of and education about cCMV and to reduce

the potential risk of CMV transmission.

Conclusions

Our findings indicate that awareness of cCMV remains low among women of reproductive

age, and surprisingly in our study population women who had completed a pregnancy had the

same low level of knowledge of CMV as women who had never been pregnant. We also dem-

onstrate that after learning basic information about the risks of cCMV, women are interested

in both prenatal and newborn screening. We have identified important gaps in knowledge

about cCMV among women of reproductive age. These women may both benefit from educa-

tion about cCMV, and may, if provided with the opportunity, choose to screen themselves or

their newborns for CMV infection. These findings are timely, as several states have passed or

proposed legislation mandating cCMV education and/or screening. Increasing cCMV knowl-

edge and awareness among women has the potential to reduce risks of CMV exposure during

pregnancy. However, more information is needed to determine how best to provide education

and support for woman who would like to reduce their risk of CMV, and about what strategies

can put into place that will help identify newborns who may benefit from early detection of

cCMV infection.

Supporting information

S1 Table. Full survey results for all participants and by pregnancy history.

(DOCX)

Acknowledgments

We thank our data collection volunteers Joanne Dehnbostel, Melanie Firestone, Emily Groene,

Audrey Hanson, Howie Hsieh, Julia Lang, Tessa Lasswell, Zach Laughlin, Heather Oas, Kara

Ulmen, and Rachel Wirthlin; D2D facility manager Pat McKee, and our study participants

who spent time with us at the Minnesota State Fair.

Low CMV awareness among women

PLOS ONE | https://doi.org/10.1371/journal.pone.0221725 August 26, 2019 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221725.s001
https://doi.org/10.1371/journal.pone.0221725


Author Contributions

Conceptualization: Katie J. Tastad, Mark R. Schleiss, Nicole E. Basta.

Data curation: Katie J. Tastad, Sara M. Lammert.

Formal analysis: Katie J. Tastad, Sara M. Lammert.

Funding acquisition: Katie J. Tastad, Mark R. Schleiss.

Methodology: Katie J. Tastad, Nicole E. Basta.

Project administration: Katie J. Tastad.

Supervision: Mark R. Schleiss, Nicole E. Basta.

Validation: Sara M. Lammert.

Writing – original draft: Katie J. Tastad.

Writing – review & editing: Katie J. Tastad, Mark R. Schleiss, Sara M. Lammert, Nicole E.

Basta.

References
1. Kenneson A, Cannon MJ. Review and meta-analysis of the epidemiology of congenital cytomegalovirus

(CMV) infection. Rev Med Virol. 2007; 17: 253–276. https://doi.org/10.1002/rmv.535 PMID: 17579921

2. Dollard SC, Grosse SD, Ross DS. New estimates of the prevalence of neurological and sensory

sequelae and mortality associated with congenital cytomegalovirus infection. Rev Med Virol. 2007; 17:

355–363. https://doi.org/10.1002/rmv.544 PMID: 17542052

3. Cannon MJ. Congenital cytomegalovirus (CMV) epidemiology and awareness. J Clin Virol. 2009; 46: 6–

10. https://doi.org/10.1016/j.jcv.2009.09.002 PMID: 19800841

4. Revello MG, Tibaldi C, Masuelli G, Frisina V, Sacchi A, Furione M, et al. Prevention of Primary Cyto-

megalovirus Infection in Pregnancy. EBioMedicine. 2015; 2: 1205–1210. https://doi.org/10.1016/j.

ebiom.2015.08.003 PMID: 26501119

5. Jeon J, Victor M, Adler SP, Arwady A, Demmler G, Fowler K, et al. Knowledge and awareness of con-

genital cytomegalovirus among women. Infect Dis Obstet Gynecol. 2006; 2006: 1–7. https://doi.org/10.

1155/IDOG/2006/80383 PMID: 17485810

6. Thackeray R, Magnusson BM. Women’s attitudes toward practicing cytomegalovirus prevention behav-

iors. Prev Med Rep. 2016; 4: 517–524. https://doi.org/10.1016/j.pmedr.2016.09.008 PMID: 27747148

7. Thackeray R, Magnusson BM, Christensen EM. Effectiveness of message framing on women’s inten-

tion to perform cytomegalovirus prevention behaviors: a cross-sectional study. BMC Womens Health.

2017; 17: 134. https://doi.org/10.1186/s12905-017-0492-x PMID: 29262815

8. Adler SP, Finney JW, Manganello AM, Best AM. Prevention of child-to-mother transmission of cytomeg-

alovirus among pregnant women. J Pediatr. 2004; 145: 485–491. https://doi.org/10.1016/j.jpeds.2004.

05.041 PMID: 15480372

9. Vauloup-Fellous C, Picone O, Cordier AG, Parent-du-Châtelet I, Senat MV, Frydman R, et al. Does

hygiene counseling have an impact on the rate of CMV primary infection during pregnancy?. Results of

a 3-year prospective study in a French hospital. J Clin Virol. 2009; 46: 49–53. https://doi.org/10.1016/j.

jcv.2009.06.010

10. Ross DS, Victor M, Sumartojo E, Cannon MJ. Women’s knowledge of congenital cytomegalovirus:

results from the 2005 HealthStyles survey. J Womens Health (Larchmt). 2008; 17: 849–858. https://doi.

org/10.1089/jwh.2007.0523 PMID: 18537486

11. Cannon MJ, Westbrook K, Levis D, Schleiss MR, Thackeray R, Pass RF. Awareness of and behaviors

related to child-to-mother transmission of cytomegalovirus. Prev Med (Baltim). 2012; 54: 351–357.

https://doi.org/10.1016/j.ypmed.2012.03.009 PMID: 22465669

12. Doutre S, Barrett T, Greenlee J, White K. Losing Ground: Awareness of Congenital Cytomegalovirus in

the United States. J Early Hear Detect Interv. 2016; 1: 39–48. https://doi.org/10.15142/T32G62

13. Binda S, Pellegrinelli L, Terraneo M, Caserini A, Primache V, Bubba L, et al. What people know about

congenital CMV: An analysis of a large heterogeneous population through a web-based survey. BMC

Infect Dis. 2016; 16. https://doi.org/10.1186/s12879-016-1861-z PMID: 27671033

Low CMV awareness among women

PLOS ONE | https://doi.org/10.1371/journal.pone.0221725 August 26, 2019 12 / 13

https://doi.org/10.1002/rmv.535
http://www.ncbi.nlm.nih.gov/pubmed/17579921
https://doi.org/10.1002/rmv.544
http://www.ncbi.nlm.nih.gov/pubmed/17542052
https://doi.org/10.1016/j.jcv.2009.09.002
http://www.ncbi.nlm.nih.gov/pubmed/19800841
https://doi.org/10.1016/j.ebiom.2015.08.003
https://doi.org/10.1016/j.ebiom.2015.08.003
http://www.ncbi.nlm.nih.gov/pubmed/26501119
https://doi.org/10.1155/IDOG/2006/80383
https://doi.org/10.1155/IDOG/2006/80383
http://www.ncbi.nlm.nih.gov/pubmed/17485810
https://doi.org/10.1016/j.pmedr.2016.09.008
http://www.ncbi.nlm.nih.gov/pubmed/27747148
https://doi.org/10.1186/s12905-017-0492-x
http://www.ncbi.nlm.nih.gov/pubmed/29262815
https://doi.org/10.1016/j.jpeds.2004.05.041
https://doi.org/10.1016/j.jpeds.2004.05.041
http://www.ncbi.nlm.nih.gov/pubmed/15480372
https://doi.org/10.1016/j.jcv.2009.06.010
https://doi.org/10.1016/j.jcv.2009.06.010
https://doi.org/10.1089/jwh.2007.0523
https://doi.org/10.1089/jwh.2007.0523
http://www.ncbi.nlm.nih.gov/pubmed/18537486
https://doi.org/10.1016/j.ypmed.2012.03.009
http://www.ncbi.nlm.nih.gov/pubmed/22465669
https://doi.org/10.15142/T32G62
https://doi.org/10.1186/s12879-016-1861-z
http://www.ncbi.nlm.nih.gov/pubmed/27671033
https://doi.org/10.1371/journal.pone.0221725


14. Din ES, Brown CJ, Grosse SD, Wang C, Bialek SR, Ross DS, et al. Attitudes toward newborn screening

for cytomegalovirus infection. Pediatrics. 2011; 128: e1434–42. https://doi.org/10.1542/peds.2011-

1444 PMID: 22084323

15. National CMV Foundation. CMV Legislation [Internet]. [cited 29 Jun 2018]. Available: https://www.

nationalcmv.org/cmv-research/legislation.aspx

16. Conducting Research at D2D –D2D: The Driven to Discover Research Facility [Internet]. [cited 10 Dec

2017]. Available: http://d2d.umn.edu/for-researchers/

17. Minnesota State Fair | Attendance [Internet]. [cited 10 Dec 2017]. Available: http://www.mnstatefair.org/

general_info/attendance.html

18. National CMV Foundation. Nomination of CMV to RUSP. 2019.

19. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture

(REDCap)-A metadata-driven methodology and workflow process for providing translational research

informatics support. J Biomed Inform. 2009; 42: 377–381. https://doi.org/10.1016/j.jbi.2008.08.010

PMID: 18929686

20. Tu W, Chen S, Sharp M, Dekker C, Manganello AM, Tongson EC, et al. Persistent and Selective Defi-

ciency of CD4+ T Cell Immunity to Cytomegalovirus in Immunocompetent Young Children. J Immunol.

2004; 172: 3260–3267. https://doi.org/10.4049/jimmunol.172.5.3260 PMID: 14978134

21. Minnesota Office of Higher Education. Educational Attainment Data [Internet]. [cited 15 Oct 2018].

Available: http://www.ohe.state.mn.us/sPages/educ_attain.cfm

22. Minnesota State Legislature. The Vivian Act, Bill Name: HF2653 [Internet]. Statute 144.064 2017. Avail-

able: https://www.revisor.mn.gov/bills/text.php?number=HF2653&version=0&session_year=

2017&session_number=0&format=pdf

23. Schleiss MR. Searching for a Serological Correlate of Protection for a CMV Vaccine. J Infect Dis. 2018;

217: 1861–1864. https://doi.org/10.1093/infdis/jiy104 PMID: 29528437

Low CMV awareness among women

PLOS ONE | https://doi.org/10.1371/journal.pone.0221725 August 26, 2019 13 / 13

https://doi.org/10.1542/peds.2011-1444
https://doi.org/10.1542/peds.2011-1444
http://www.ncbi.nlm.nih.gov/pubmed/22084323
https://www.nationalcmv.org/cmv-research/legislation.aspx
https://www.nationalcmv.org/cmv-research/legislation.aspx
http://d2d.umn.edu/for-researchers/
http://www.mnstatefair.org/general_info/attendance.html
http://www.mnstatefair.org/general_info/attendance.html
https://doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
https://doi.org/10.4049/jimmunol.172.5.3260
http://www.ncbi.nlm.nih.gov/pubmed/14978134
http://www.ohe.state.mn.us/sPages/educ_attain.cfm
https://www.revisor.mn.gov/bills/text.php?number=HF2653&version=0&session_year=2017&session_number=0&format=pdf
https://www.revisor.mn.gov/bills/text.php?number=HF2653&version=0&session_year=2017&session_number=0&format=pdf
https://doi.org/10.1093/infdis/jiy104
http://www.ncbi.nlm.nih.gov/pubmed/29528437
https://doi.org/10.1371/journal.pone.0221725

