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Abstract

Congenital cytomegalovirus (cCMV) infections cause more children to have permanent dis-

abilities than Down Syndrome, Fetal Alcohol Syndrome, Spina Bifida, and pediatric HIV/

AIDS combined. The risk of infection during pregnancy can be significantly decreased using

universal precautions, such as thorough handwashing and cleansing of surfaces and

objects that have come into contact with infected body fluids. Children under 3 years of age

are commonly asymptomatic excretors of CMV, with the highest viral loads present in saliva.

Pediatric therapists have regular close contact with young children, and are thus likely at ele-

vated occupational risk of acquiring CMV. Our objective was to evaluate therapist knowl-

edge of cCMV and its transmission. We recruited American Occupational Therapy

Association (AOTA) and American Physical Therapy Association (APTA) members via elec-

tronic newsletters and printed flyers from April to September 2015. Participants completed

an online, anonymous 24-question survey using Survey Monkey. We compared responses

between groups and previously published CMV awareness data using binomial tests of dif-

ference of proportions and multiple logistic regression. Our study identified both a low level

of therapist awareness and poor demonstrated understanding of cCMV. Self-reported

cCMV awareness amongst therapists was greater than awareness in the general popula-

tion, and equivalent to awareness amongst health care professionals. Whereas 52% of par-

ticipants self-reported awareness of cCMV, only 18% demonstrated understanding of the

behavioral modes of CMV transmission. Fewer therapists reported awareness of cCMV

than other, less prevalent conditions. Higher levels of health risk knowledge were associ-

ated with greater contact with children. Most participants reported learning about cCMV

from the workplace. The knowledge gaps between self-reported awareness of cCMV and

demonstrated understanding of modes of transmission described by our results emphasize

the need for additional training of therapists. cCMV is preventable, and accurate knowledge

of modes of transmission is crucial for the health of practitioners and clients.
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Introduction

Cytomegalovirus (CMV) is a common virus that remains latent in multiple organs, and is peri-

odically excreted throughout an individual’s life [1]. CMV is transmitted from person to per-

son through close contact with CMV-infected body fluids; predominantly saliva, urine, tears,

and genital secretions. CMV can also be transmitted from mother to child across the placenta

or through breastmilk [2, 3]. CMV infection in healthy adults and children is usually mild or

asymptomatic. However, maternal transmission to her fetus or newborn can cause significant

visceral damage [4]. cCMV is a leading cause of prenatal infection worldwide, and the most

common congenital infection in the United States [5, 6]. In the US, approximately 40,000 new-

borns are diagnosed with cCMV annually, resulting in an estimated 400 deaths, and 8,000–

10,000 children with permanent disabilities, including cognitive impairments, movement dis-

orders, and hearing and/or vision loss [4, 7]. More children have disabilities due to cCMV

than other well-known infections and syndromes, including Down Syndrome, Fetal Alcohol

Syndrome, Spina Bifida, and Pediatric HIV/AIDS combined [8].

Approximately 10–15% of infected newborns show CMV-specific clinical symptoms at

birth, such as hearing loss, hepatosplenomegaly, jaundice, petechiae, and/or microcephaly [9,

10]. Of the infected newborns who are asymptomatic, up to 14% develop permanent disabili-

ties later in life [11], such as deafness, cerebral palsy, developmental delays, and seizures. These

data are likely underestimates of the true prevalence of cCMV because newborns are not uni-

versally screened for the virus [12, 13], data are lacking on important outcomes, such as visual

impairment and hearing loss [14–16], and follow-up of congenitally infected children has been

too short to identify late-onset outcomes [17].

Infected individuals, especially children less than 3 years of age, may excrete (shed) CMV in

saliva and urine for months to years after initial infection [18, 19]. Viral loads of CMV are

higher in the saliva than the urine of shedding children [20], indicating that exposure to saliva

poses the greatest risk for acquiring CMV. Furthermore, viable CMV can persist on environ-

mental surfaces, such as toys, food, and countertops, for up to 6 hours, which is long enough

to pose a transmission risk [21]. CMV infection rates are estimated to be up to 80% in other-

wise healthy toddlers, who are at high risk for contracting CMV from their peers in high-risk

locations, such as homes, daycares, schools, and pediatric health care centers [22].

Contact with the body fluids of young children is a major cause of CMV infection among

women of reproductive age. CMV infection during pregnancy can occur as a result of either a

primary (first-time) or recurrent infection (reactivation of a latent virus, or reinfection from a

new strain of CMV) [23, 24]. The risk of becoming infected depends primarily on two factors:

the frequency of contact with a vector of CMV and the likelihood that any given interaction

will be with a person who is shedding CMV in their bodily fluids [25]. Therefore, it is not sur-

prising that professional activity correlates with the probability of acquiring CMV, particularly

in careers that involve working with young children who are commonly asymptomatic excre-

tors of the virus. Although the occupational risk of CMV contamination was contested histori-

cally [26, 27], elevated rates of CMV acquisition in daycare providers, teachers, nurses’ aides,

and other pediatric healthcare workers has been repeatedly demonstrated [28–37].

Because there is currently no CMV vaccine [38], it is imperative that women of childbear-

ing age who have close contact with young children be informed of behaviors that help to pre-

vent cCMV infection. Exposure to CMV can be reduced through standard universal

precautions: thorough handwashing following contact with children or handling objects such

as children’s toys, and thorough cleansing of surfaces that have come into contact with chil-

dren’s bodily fluids [39]. Research on the impact of educational interventions support the posi-

tive effect of preventative strategies [40, 41]. A recent study found that only 1.2% of pregnant
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women who were given information about CMV acquired the infection before delivery, in

contrast to 7.6% that were not informed about CMV while pregnant [42].

Even though CMV infection in mothers is preventable, most people are not familiar with

the virus. Levels of CMV awareness amongst women in the general population range from

9%-20%, globally [7, 42–46], as measured by self-reported responses to questionnaires. Some

studies have shown a statistically significant increase in women’s awareness with higher levels

of education (23–31% in college-educated women [44]), or work experience in health care

(56%; [44]). Interestingly, neither having been pregnant nor employed in a daycare setting has

a statistical effect on CMV awareness [44]. Overall CMV awareness remains lower than other

less prevalent childhood illnesses, even among medical and allied health professionals [47–49].

Moreover, previous work likely overestimates cCMV awareness levels for two main reasons.

Firstly, participants often exaggerate responses in self-report studies [50] Social desirability

bias describes the tendency for survey respondents to answer questions in a way that would be

viewed favorably by others, such as indicating awareness of a condition for which they actually

have no knowledge. Secondly, awareness is a subjective form of knowledge, and can mean dif-

ferent things to different people. For example, a research participant may have heard of CMV,

or recognize it from a list of chronic health conditions, yet be unable to identify the detrimen-

tal effects of a congenital infection on a newborn, or modes of CMV transmission. In other

words, participants may be aware of CMV, but their demonstrated understanding of CMV is

inadequate to prevent infection while pregnant. Demonstrated understanding is thus a higher-

level, objective form of knowledge. Most previous work on cCMV knowledge describes only

awareness levels of cCMV. However, Jeon and colleagues (2006) reported that even women

who reported being aware of CMV could not identify modes of CMV transmission or clinical

outcomes of a congenital infection [44]. It is not enough that women of childbearing age are

aware of cCMV; they must also demonstrate understanding of the health risks of cCMV in

order for public health interventions to be successful [16, 51].

CMV awareness studies have generally surveyed either the general population [7, 42–45],

or facility-specific health-care staff, such as nurses or midwives [26–37]. To date, no published

work has examined cCMV knowledge amongst therapists. Physical therapy (PT) and occupa-

tional therapy (OT) are forms of rehabilitative health. The goal of PT is to maximize functional

control of the body, or increase gross motor function, by training and strengthening a patient’s

large muscles (those in the arms, legs, and abdomen). The goal of OT is to develop an individu-

al’s ability to function in their typical daily activities in order to foster independence, produc-

tivity, and self-care. In doing so, OTs focus on strength, dexterity and coordination while

performing tasks. Both physical and occupational therapy involve physical handling and

repeated close contact, particularly in subfields that focus on work with infants and children.

Despite small fluctuations in demographic profiles, PTs and OTs are predominantly female

(70% of PTs in 2013, and 91% of OTs in 2015), white (92% of PTs, and 85% of OTs), and of

childbearing age (51% of PTs are between 20–45 years old, and 53% of OTs are between ages

of 30–39) [52] [53]. It is difficult to estimate the number of therapists that identify pediatrics as

their primary subfield of practice, as this data has not been systematically gathered by national

associations (C. Sliwa, pers. comm). Therapists who work with children do so in many differ-

ent settings (e.g., hospitals, schools, outpatient rehabilitation centers, early intervention pro-

grams), and may not work with children exclusively [51, 52]. However, physical and

occupational therapy are essential components of a multidisciplinary approach to treating chil-

dren with special needs, such as cerebral palsy and other movement disorders [54].

Pediatric PTs and OTs have regular close contact with young children, as well as the toys,

supports, and other surfaces that may be subject to their bodily fluids, particularly saliva. Pedi-

atric therapists are thus not only exposed to numerous pathogens throughout their workday,
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but may also serve as sources of infection to their patients [55]. Given higher rates of CMV

acquisition in occupations that focus on the care of young children, pediatric therapists are

likely at higher occupational risk of CMV exposure [56], although a study of CMV seroconver-

sion rates within this population has not yet been conducted. Previous evidence suggests that

OTs have little knowledge of CMV and its relationship to infection control practices [57]. For

example, the literature suggests that sharing of toys by children in daycare may be a reason for

the high incidence of CMV in these settings [36]. However, Flacker (1993) found that only

15% of respondents reported always disinfecting equipment after it has been used, and only

23% reported disinfecting toys after contact with patient [57]. Furthermore, although universal

precautions are widely accepted as key to infection prevention, Marcil (1993) found that only

66% of OTs washed their hands after patient contact [55]. Pediatric therapists must therefore

be considered an at-risk population for CMV infection. Considering the number of children

affected each year by cCMV, the fact that young children are both asymptomatic excretors of

CMV and shed the virus at higher rates than other groups, and that the virus spreads easily in

pediatric facilities, it is important to educate therapists, especially those who work with chil-

dren, to reduce cCMV infections.

The aims of this study are to threefold. First, we aim to quantify PT and OT knowledge of

cCMV. Our study is the first to distinguish cCMV awareness and cCMV demonstrated under-

standing as discrete forms of cCMV knowledge. Given the results of previous cCMV knowl-

edge surveys, we hypothesize that PTs and OTs will have 1) low overall cCMV knowledge, but

2) more knowledge than the general population, and 3) equal knowledge to health care work-

ers. We further hypothesize that PTs and OTs will have a lower demonstrated understanding

of cCMV than their self-reported awareness. Secondly, we aim to describe gaps in the cCMV

knowledge amongst PTs and OTs that represent opportunities for education. Thirdly, we aim

to define the variables that drive cCMV knowledge within the therapist community. Given

that our sample includes only respondents with training in allied health sciences, we hypothe-

size that cCMV knowledge will vary by age, time in practice, specialty, and amount of contact

with children. These data will inform our understanding of variance in cCMV knowledge

amongst therapists, augment the role of therapists in preventing infectious disease transmis-

sion, and improve therapeutic practice for practitioners at high-risk for CMV acquisition.

Methods

Participants

We targeted American Physical Therapy Association (APTA), and American Occupational

Therapy Association (AOTA) members to participate in our study. We recruited participants

by publishing a brief description of the study and link to the online survey to the following

venues: 1) the pediatric section of the APTA monthly electronic newsletter; 2) the neurology

section of the APTA electronic listserv; 3) the AOTA newsletter OT Practice; 4) the AOTA

managed forum OT Connections; and 5) by printed flyer to attendees of the national 2015

annual conference of the AOTA in Nashville, TN. We accepted responses from any licensed

PT, PT assistant (PTA), PT student (PTS) or OT, OT assistant (COTA), or OT student (OTS)

who volunteered to complete the survey. We recruited participants across physical and occu-

pational therapy, including those who work with children, as knowledge of cCMV is particu-

larly important in these populations. We did not offer compensation for participation.

Participation was anonymous, voluntary, and free of coercion. We obtained informed consent

on page one of the online survey (S1 Appendix, Question 1). Subjects created their own unique

identifier to maintain confidentiality (S1 Appendix, Question 2). Our study was approved by
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the Institutional Review Board of Midwestern University (MWU Project AZ #823, IRB

approval 03/03/2015).

Survey design and instrumentation

We designed a 24 question, 10-minute survey to assess participant demographics, work experi-

ence, general awareness and perceived occupational hazard of several chronic and acute health

conditions, specific knowledge of cCMV (including transmission, clinical outcomes, and treat-

ment), and the source of participant knowledge of cCMV (see S1 Appendix for the complete

questionnaire and summary data for results presented in this paper). We modeled the design

of the survey on previously published questionnaires assessing CMV awareness amongst medi-

cal students [47]. We solicited information about several demographic parameters. We asked

participants their occupation to determine their professional role within physical or occupa-

tional therapy (S1 Appendix, Question 3). We inquired if participants work with children, and

the percentage of their caseload that is with children (for example, a pediatric PT may work

with children for 100% of their caseload, but a neurologic PT may also carry a partial pediatric

caseload; S1 Appendix; Questions 4–5). We also asked their years of experience, and years of

experience working with children (S1 Appendix, Questions 6–7). We collected these data to

address whether the degree to which participants work with children, and/or amount of pro-

fessional experience had an effect on therapist knowledge of cCMV. We asked participants if

they are parents, and, if so, of how many children, respectively (S1 Appendix, Questions 17–

18). We used these data to examine whether being a parent had an effect on cCMV knowledge,

beyond the professional subfield of the participant. We asked participants the frequency of

their contact with children five years of age or younger (S1 Appendix, Question 19), in order

to assess whether contact with children had an effect cCMV knowledge independent of being

a parent. We also asked participants to identify the source of their cCMV knowledge (S1

Appendix, Question 20), in addition to basic demographic questions (age, gender, race/ethnic-

ity, and domestic status) in questions 21–24 (S1 Appendix).

We constructed questions 8–16 to quantify levels of knowledge about CMV. For questions

of awareness of health conditions, we asked participants to rank their familiarity or concern

with common conditions and illnesses on a 4-point scale (Very Familiar, Somewhat Familiar,

Not Very Familiar, or Never Heard of This; e.g., S1 Appendix, Question 8, Fig 1). To assess

demonstrated understanding of specific knowledge and behaviors, we asked participants to

answer either Yes, No, or Don’t Know (e.g., S1 Appendix, Question 13, Fig 2). Proposed

response options for each question were based on the literature [47, 58] and some were false

(e.g., symptoms and modes of transmission not associated with CMV).

Our online questionnaire was administered through Survey Monkey [59], and remained

open for six months (April-September 2015). We chose an online platform to administer the

survey to maximize sample size and minimize cost. However, the lack of control over an online

platform has led to commonly observed problems that may affect data quality [60, 61]. Most

research exploring the suitability of the internet for conducting surveys focusses on the use of

online labor markets (e.g. [60, 62, 63]). In contrast to surveys that recruit convenience samples

through crowdsourcing, we used traditional targeted sampling methods to recruit professional

therapists and therapy students, only. We did not recruit participants through Survey Monkey.

Furthermore, we adopted the best research practices developed by Chandler and Shapiro

(2016) when designing our survey to minimize the limitations associated with online research

[60]. Firstly, studies have demonstrated that survey participants will act deceptively if incentiv-

ized to do so, leading to errors resulting from the non-naiveté and trustworthiness of partici-

pants [60, 64]. We did not offer compensation for participation, since data quality is generally
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unaffected by pay when participants are asked to self-report answers rather than to complete a

task [65, 66]. Secondly, we did not inform prospective participants that cCMV was the primary

topic of the study, but that the survey topic was about health risks in therapeutic practice. In

this way, we converted any potential unmeasurable selection bias caused by the topic of study

into measurable study attrition [60]. Thirdly, we reduced and measured study attrition. We

minimized the effect of selective attrition on our results by placing the most critical survey

questions early in the survey, so that those who dropped out could be excluded even if they did

not complete the study [67]. We also assessed the robustness of our study to attrition by com-

paring the demographic profiles of respondents at the beginning of our survey with the demo-

graphic profiles of respondents to each key research question (S2 Appendix). Fourthly, we

minimized repeated participation by using Survey Monkey platform settings to restrict multi-

ple responses. Participants also created their own unique identifiers, and Survey Monkey

tracked the IP addresses of respondents.

Fig 1. We asked participants to rank their familiarity with health conditions on a 4-point scale (S1

Appendix, Question 8) in order to quantify cCMV awareness levels. We recoded these data to calculate

the summary variable Self-Reported Familiarity (SRF).

https://doi.org/10.1371/journal.pone.0185635.g001
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Knowledge metrics

In addition to assessing responses on the 4-point scale presented in our survey, we created two

summary variables to capture variation in therapist knowledge of cCMV. We created Self-

Reported Familiarity (SRF) to compare our data with previously published research on cCMV

awareness, which take the binary form of “aware/unaware” [44], or “% who have heard of

cCMV” [42, 46]. We considered participants who answered “Very Familiar” or “Somewhat

Familiar” to the question, “Please indicate how familiar you are with each of the following

health conditions” to have high SRF, and those who answered “Not Very Familiar” or “Never

Heard of it” to have low SRF (S1 Appendix, Question 8, Fig 1).

To describe PT and OT cCMV knowledge in relation to published work, we relied predom-

inantly on data from two previously published surveys of cCMV awareness in the United

States. Jeon et al. (2006) surveyed 643 women at seven geographic locations, representing a

diverse population of women including medical students and hospital support staff. Partici-

pants were asked to “Identify which of the following diseases you have heard of” from a list

that included congenital CMV, Parvovirus B19, congenital Toxoplasmosis, congenital Rubella

Syndrome, Group Beta Streptococcus (GBS), Spina Bifida, Fetal Alcohol Syndrome (FAS),

Sudden Infant Death Syndrome (SIDS), Down Syndrome, and HIV/AIDS [44]. The authors

grouped responses by level of education, as well as previous employment as a healthcare pro-

fessional. They found that 31% of women with a bachelor’s degree, 24% of women who had

completed graduate school, and 56% of women with work experience in health care had heard

Fig 2. We asked participants to describe their understanding of CMV transmission (S1 Appendix,

Question 13). We used these data to examine the demonstrated understanding of participant Health Risk

Knowledge (HRK) regarding cCMV.

https://doi.org/10.1371/journal.pone.0185635.g002
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of CMV. A limitation of this work is that Jeon et al (2006) administered the survey mainly in

healthcare settings.

Doutré et al (2016) updated results presented in Ross et al (2008), by analyzing results of the

2015 and 2016 HealthStyles survey [42, 45]. The HealthStyles survey is a consumer mail survey

of US adults over 18 years of age, commonly used by the Centers for Disease Control and Pre-

vention (CDC) for public health planning. The survey asked, “Have you heard of the follow-

ing?” Responses included: Congenital Rubella Syndrome (CRS), Group Beta Streptococcus

(GBS), HIV/AIDS, cCMV, Down Syndrome, Sudden Infant Death Syndrome (SIDS), Fetal

Alcohol Syndrome (FAS), Autism, Spina Bifida, congenital toxoplasmosis, and Parvovirus B19

(Fifth Disease) [45]. The data were weighted to create a nationally representative sample with

respect to demographic characteristics, including level of educational attainment. They found

that in a mixed sex sample, 7% of the overall population, 10% of participants with a bachelor’s

degree, and 20% of those with a professional degree or doctorate were aware of CMV. Aware-

ness among women was 9% [45], which was statistically lower than previously reported values

from the 2005 HealthStyles survey [42, 45], although this decrease may be due to sampling

error. We consider the data derived from Jeon et al. (2008) and Doutré et al. (2016) to be com-

parable to the data derived from Question 8 of our survey, (e.g., “Please indicate how familiar

you are with each of the following health conditions”, S1 Appendix).

In addition, we calculated a new variable called Health Risk Knowledge (HRK) to represent

participants who demonstrated understanding of cCMV by correctly answered the question,

“By which of the following behaviors can people contract of spread cytomegalovirus (CMV)

infection?” (S1 Appendix, Question 13, Fig 2). We counted participants as having a high

degree of HRK if they correctly identified all behavioral modes of CMV transmission related

to close contact (e.g., kissing someone, contact with wet diapers, sharing eating utensils, shar-

ing food or drink, handling children’s toys), even if they did not correctly identify medical

modes of transmission of CMV (e.g., organ or marrow transplant, blood transfusions, mother

to fetus across the placenta). This is because close contact with infected bodily fluids poses the

greatest risk of CMV transmission to therapists. We considered those who could not identify

all behavioral modes of CMV transmission to have low HRK. HRK removes the effect of

response bias [50], whereby participants may have over-reported their familiarity. Although

we preferred HRK as a stronger, objective form of knowledge, and as a metric for demon-

strated understanding of cCMV, SRF is comparable with prior research on cCMV awareness.

Therefore, we present both measures of knowledge in relation to our hypotheses and descrip-

tive statistics.

Data analysis

To test the hypothesis that PTs and OTs have more knowledge of cCMV than the general pop-

ulation, we compared the percentage of our survey respondents with high SRF (e.g., aware-

ness) and high HRK (e.g., demonstrated understanding) with previously published cCMV

awareness levels amongst women in the general US population (9%, [45]). We also compared

our data to awareness levels in women who had graduated college (31%, [44]) and graduate

school (23%, [42]) We made these comparisons to evaluate CMV knowledge across individuals

of similar levels of educational attainment, but different fields of study. Because therapists are

allied health professionals, we tested the hypothesis that PTs and OTs have equivalent knowl-

edge of cCMV to healthcare workers by comparing our data with published percentages of

cCMV awareness levels amongst women with experience working in health care [44]. We

omitted male respondents from all comparisons (N = 9, 4.5% of our total sample) because

most previous work reports only CMV awareness amongst women. For all comparisons, we
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used binomial tests of difference of proportions. We ran analyses using all participants in our

survey, as well as for PTs and OTs, separately. However, we consider the sample size for OTs

too low to yield reliable results.

We used descriptive statistics to examine the relationship between SRF and HRK and par-

ticipant understanding of the clinical manifestations of cCMV. We used multiple logistic

regression to examine which variables were the most important drivers of variation in HRK in

the entire sample, and in PTs and OTs separately. We selected a priori only predictor variables

with significant univariate associations with HRK to enter into the logistic regression. We ran

all analyses using SPSS 22.0 for Windows [68].

Results

Our total sample size was 230 respondents. Question-specific sample sizes ranged from 182 to

215 (S1 Appendix). The majority of participants were PTs, PTAs, or PT students (N = 176,

82%), white (N = 168, 92.8%), female (N = 170, 93.4%), and parents (N = 112, 61.5%). Overall,

the mean age range of respondents was 35–44 years old. The mean years’ work experience was

20.1 years (range = 0–44 years), and mean years’ work experience with children was 13.5 years

(range = 0–44 years). Most respondents worked with children for some part of their caseload

(N = 165, 76.7%), with 60.5% (N = 130) of respondents indicating that greater than 75% of

their caseload was working with children. Overall, the demographic distribution of respon-

dents adequately reflects the membership profiles of practicing therapists, as reported by

APTA [52] and AOTA [53], although our sample is skewed towards pediatric therapists. We

considered our sample to be a conservative estimate of cCMV awareness in the broader PT

and OT community, because it may expected that therapists working with children have

greater familiarity with congenital infections than therapists working with adults. Not all

respondents completed all questions of the survey. However, the demographic profile of

respondents to the initial survey question was statistically indistinguishable from those of each

subsequent survey question. As such, survey attrition did not bias our results (S2 Appendix).

Prior to data analysis, we examined responses for duplicate identifiers or IP addresses. We

found one instance in which the same IP address was associated with eight different responses

(~3.5% of our sample), each with a unique identifier. This is slightly higher than the published

average rate of 2.5–2.8% of respondents who share an IP address with at least one other worker

in online studies [69, 70]. However, closer examination revealed that these eight workers

reported occupations, caseloads, years of experience, and demographic characteristics that

were consistent with being distinct professionals in a single place of work. It is likely that these

responses represent multiple individuals completing the survey using a single work computer.

Using the full 4-point scale of responses for Question 8, the median rank for familiarity

with health conditions was “Somewhat Familiar” across the entire sample (Table 1). Responses

were skewed to the left (unfamiliar) end of the scale, although respondents used the full range

of possible responses for only 7/20 conditions (Group B Streptococcus, CMV, cCMV, Parvovi-

rus B19 [Fifth Disease], Toxoplasmosis, congenital Rubella, and Varicella [Chicken Pox]).

These are the only conditions for which some respondents chose “Never Heard of This”. Of

201 female respondents, 105 (52%) were aware (had high SRF) of cCMV (Table 2). Relative to

other health conditions included in the survey, SRF of CMV and cCMV ranked 15th and 16th

out of 20 (Fig 3).

A significantly greater percentage of therapists had high SRF than awareness levels amongst

women in the general US population, women who had graduated college, and women who

completed 5–8 years of graduate school (Table 2). The percentage of therapists with high SRF

in our study could not be distinguished from previously reported levels of CMV awareness in
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women with experience as health care workers. When analyzed separately, 56% of PTs had

high SRF. This proportion was also significantly greater in comparisons across all groups, but

could not be distinguished from cCMV awareness in women with experience as health care

workers (Table 2). The percentage of OTs with high SRF (39%) was significantly higher than

women in the general US population, and women who had completed 5–8 years of graduate

school, but indistinguishable from women who had graduated college, and health-care work-

ers (Table 2).

Table 1. Respondent familiarity with health conditions and illnesses (N = 207). Proportion of respondents given in parentheses. * indicates most com-

mon response.

HEALTH CONDITION VERY FAMILIAR SOMEWHAT FAMILIAR NOT VERY FAMILIAR NEVER HEARD OF THIS

Syphillis 10 (4.8) 93 (44.9) 104 (50.2)* 0

Stroke 177 (85.5)* 27 (13.0) 3 (1.4) 0

Pertussis (Whooping Cough) 36 (17.4) 109 (52.6)* 62 (30.0) 0

Cytomegalovirus (CMV) 45 (21.7) 88 (42.5)* 56 (27.1) 18 (8.7)

Down’s Syndrome 156 (75.4)* 45 (21.7) 6 (2.9) 0

Tuberculosis 48 (23.2) 124 (59.9)* 35 (16.9) 0

Congenital Rubella 16 (7.7) 63 (30.4) 113 (54.6)* 15 (7.2)

Sudden Infant Death Syndrome (SIDS) 90 (43.5) 92 (44.4)* 25 (12.1) 0

Conjunctivitis (Pink Eye) 116 (56.0)* 71 (34.3) 20 (9.7) 0

Parvovirus B19 (Fifth Disease) 36 (17.4) 65 (16.9) 71 (34.3)* 35 (16.9)

Breast Cancer 103 (48.8)* 85 (41.1) 19 (9.2) 0

Group B Streptococcus 46 (22.2) 92 (44.4)* 62 (30.0) 7 (3.4)

Spina bifida 138 (66.7)* 64 (30.9) 5 (2.4) 0

Congenital Cytomegalovirus (cCMV) 43 (20.8) 63 (30.4) 70 (33.8)* 31 (15.0)

Hypertension 164 (79.2)* 38 (18.4) 5 (2.4) 0

HIV/AIDS 109 (52.7)* 87 (42.0) 11 (5.3) 0

Measles (Morbilli, Rubeola) 63 (30.4) 97 (46.9)* 47 (22.7) 0

Toxoplasmosis 21 (10.1) 84 (40.6)* 81 (39.1) 21 (10.1)

Cerebral Palsy 172 (83.1)* 33 (15.9) 2 (1.0) 0

Varicella (Chicken Pox) 121 (58.5)* 69 (33.3) 16 (7.7) 1 (0.5)

https://doi.org/10.1371/journal.pone.0185635.t001

Table 2. Binomial tests of differences of proportion for therapists with high Self-Reported Familiarity (SRF) and high Health Risk Knowledge

(HRK) of congenital cytomegalovirus (cCMV) with previously published data on cCMV awareness*.

Obs. % General Population

(9%)a
College

(31%)b
Graduate School

(23%)a
Health Care workers

(56%)b

P-value P-value P-value P-value

SRF All Sample (N = 201) 52.2 (N = 105) < 0.001 < 0.001 < 0.001 0.094

PTs (N = 160) 56.2 (N = 90) < 0.001 < 0.001 < 0.001 0.477

OTs (N = 26) 38.5 (N = 10) 0.002 0.265 0.049 0.055

HRK All Sample (N = 201) 17.7 (N = 32) < 0.001 < 0.001 0.050 < 0.001

PTs (N = 164) 18.8 (N = 27) < 0.001 0.001 0.132 < 0.001

OTs (N = 26) 11.1 (N = 3) < 0.001 < 0.001 < 0.001 0.001

*We omitted male respondents since most previous work reports levels of CMV awareness in women, only
a [45]
b [44]

https://doi.org/10.1371/journal.pone.0185635.t002
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Of 187 respondents, most (69%) indicated that a mother could transmit CMV to the fetus

across the placenta (Fig 4). More than half (53%) of respondents correctly indicated that CMV

could be transmitted through blood transfusions, followed by correct identification of trans-

mission by organ or marrow transplants (44%). However, 12% incorrectly indicated that CMV

could be transmitted by contact with cat litter. The majority of respondents failed to demon-

strate understanding of the behavioral modes of CMV transmission. Only 33 respondents

(18%) were able to identify all behavioral modes of CMV transmission (Table 2). We consid-

ered these respondents to have high HRK of cCMV. The percentage of therapists with high

HRK was significantly lower in our sample than the percentage of therapists with high SRF

amongst all respondents (18% vs 52%, p< 0.001). Therapists had significantly lower HRK of

cCMV than previously published levels of cCMV awareness amongst women who completed

college, graduate school, and those with experience as health care workers. The percentage of

therapists who had high HRK was significantly greater than awareness levels of women in the

general US population (Table 2). When analyzed separately, the percentages of PTs (19% vs

56%, p< 0.001) and OTs (11% vs 39%, p< 0.001) with high HRK was significantly lower than

the percentage of respondents who had high SRF of cCMV, respectively.

Of respondents who had either high SRF or high HRK, there was a low level of accurate

knowledge about clinical manifestations of cCMV. The majority of these respondents could

not correctly identify clinical outcomes associated with cCMV disease in the newborn (Fig 5).

The median response to questions regarding clinical manifestations of cCMV was “Don’t

know”. Most (80% of respondents with high SRF, and 77% of respondents with high HRK) or

Fig 3. Awareness (measured as Self- Reported Familiarity [SRF]) of chronic and acute health

conditions amongst physical and occupational therapists.

https://doi.org/10.1371/journal.pone.0185635.g003
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nearly half (43% of respondents with high SRF, and 47% of respondents with high HRK) cor-

rectly associated developmental delay and cerebral palsy as clinical consequences of cCMV,

respectively. Few respondents (7% of respondents with high SRF, and 4% of respondents with

high HRK) identified autism as a clinical outcome of cCMV. In addition, 28% of respondents

with high SRF, and 40% of respondents with high HRK indicated that cCMV could cause con-

genital heart defects, a symptom not associated with cCMV.

Most participants reported that the source of their information about cCMV was the work-

place (66% of respondents with high SRF, and 61% of respondents with HRK, Fig 6). Seven

respondents who indicated they received CMV education through the workplace wrote in

“other” responses, such as learning about CMV while treating a pediatric patient born with

CMV (including a respondent who “treated a child who was shedding the virus, and had to

stop treatment while pregnant” and another who indicated that “it had been years since [their

practice] have had a patient with CMV”). The next most common source of cCMV informa-

tion was the internet (21% of respondents with high SRF, and 32% of respondents with high

HRK, respectively), followed by graduate school (26% in both groups). Few respondents

reported learning about CMV from a doctor (OB/GYN, 13% of respondents with high SRF

and 10% of respondents with high HRK; Internal Medicine, 3% of respondents with high SRF

only). Only 9% of respondents with high SRF and 16% of respondent with high HRK reported

learning about CMV from friends and relatives.

Univariate analyses indicated that working with children, and having a caseload > 75%

with children were significantly associated with high HRK of cCMV (Table 3). Although the

overall model was significant (OR = 0.214; p< 0.05), individual variables were not significant

predictors of cCMV knowledge in the multiple logistic regression analysis. This is likely due to

Fig 4. Awareness of modes of transmission of congenital cytomegalovirus (cCMV) amongst physical

and occupational therapists. The bars represent the percentage of respondents who answered: yes

(black), no (white), or don’t know (grey) to the question, “By which of the following behaviors can people

contract or spread cytomegalovirus (CMV) infection?”.

https://doi.org/10.1371/journal.pone.0185635.g004
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Fig 5. Awareness or knowledge of clinical outcomes of congenital cytomegalovirus (cCMV) amongst

physical and occupational therapists. The bars represent percentage of respondents with high SRF

(black) and high HRK (grey) who identified each condition as a clinical outcome of cCMV infection. Not all

listed conditions are correctly associated with cCMV. No respondents identified thrombocytopenia (low

platelets) as a clinical outcome of cCMV. Note that multiple answers were accepted, so the percentages add

to more than 100%.

https://doi.org/10.1371/journal.pone.0185635.g005

Fig 6. Source of congenital cytomegalovirus (cCMV) awareness or knowledge amongst physical and

occupational therapists. The bars represent percentage of respondents with high SRF (black) and high

HRK (grey) indicating each source of information. No respondents identified high school as a source of cCMV

education. Note that multiple answer were accepted, so the percentages add to more than 100%.

https://doi.org/10.1371/journal.pone.0185635.g006
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Table 3. Self-Reported Knowledge (SRK) and Health Risk Knowledge (HRK) of respondents, grouped by demographic variable (N = 230). Propor-

tion of respondents given in parentheses. Note that not all questions had responses from all participants.

N Awareness of cCMV

(SRF)

N (%)

Demonstrated Understanding of cCMV

(HRK)

N (%)

ORa 95% CIb P-value

Occupationc (N = 215)

ALL PTs (reference) 176

(81.9)

91 (55.5) 28 (18.9)

ALL OTs 39 (18.2) 10 (38.5) 3 (11.1) 1.471 0.41–5.31 0.556

Genderd (N = 184)

Male 9 (4.9) 2 (22.2) 2 (22.2) - - -

Female 170

(93.4)

91 (53.5) 30 (17.6) - - -

Do not want to specify 5 (2.7) 1 (33.3) 1 (33.3) - - -

Age (N = 181)

18–34 (reference) 44 (24.3) 10 (22.7) 5 (13.2)

35–44 36 (19.9) 21 (58.3) 7 (19.4) 1.883 0.54–6.53 0.319

45–54 47 (26.0) 23 (48.9) 12 (25.5) 2.674 0.86–8.35 0.090

55–64 47 (26.0) 34 (73.4) 7 (15.4) 1.365 0.40–4.67 0.620

>65 7 (3.9) 5 (81.9) 2 (28.8) 3.120 0.473–

20.56

0.237

Ethnicityd (N = 184)

Asian 1 (0.6) 1 (100.0) 0 - - -

Black/African-American 1 (0.6) 0 0 - - -

Hispanic/Latino 5 (2.8) 2 (40.0) 1 (20.0) - - -

Native American/Alaskan 0 (0) 0 0 - - -

Native Hawaiian/Pacific Islander 1 (0.6) 1 (100.0) 0 - - -

White 168

(92.8)

89 (53.0) 31 (18.5) - - -

Do not want to specify 10 (5.4) 3 (42.9) 1 (14.3) - - -

Domestic Status (N = 181)

Single (reference) 35 (19.3) 14 (40) 4 (11.4)

Not single 146

(80.7)

80 (54.8) 29 (19.9) 1.843 0.60–5.65 0.284

Parents? (N = 184)

No (reference) 72 (39.1) 23 (32.9) 10 (14.3)

Yes 112

(60.9)

71 (63.4) 23 (20.4) 1.551 0.69–3.49 0.289

# of Kids (N = 184)

0 (reference) 72 (39.1) 35 (50.0) 10 (14.3)

1 17 (9.2) 7 (41.2) 2 (11.8) 0.800 0.16–4.04 0.787

2 56 (30.4) 38 (67.9) 12 (21.4) 1.636 0.65–4.13 0.297

3 26 (14.1) 16 (61.5) 5 (19.2) 1.429 0.44–4.66 0.555

4 or more 13 (7.1) 10 (76.9) 4 (30.8) 2.667 0.69–10.34 0.156

Work Experience (N = 215)

< 5 years (reference) 36 (16.7) 8 (25.0) 6 (18.8)

5–14.9 years 44 (20.5) 13 (31.2) 4 (9.8) 0.913 0.34–2.48 0.858

> 15 years 135

(62.8)

85 (74.6) 23 (20.2) 0.428 0.14–1.32 0.140

Work Experience with Kids

(N = 210)

0 (reference) 31 (14.8) 4 (16.7) 1 (4.2)

(Continued )
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a high degree of collinearity between these variables (χ2 [5, 215] = 172.80, p< 0.001). When

PTs and OTs were analyzed separately, no demographic variables were significantly associated

with HRK of cCMV. This result is also likely due to collinearity in the data, as our sample of

PTs were much more likely to work frequently with children than the OT respondents to our

survey.

Discussion

Our study is the first to quantify cCMV knowledge in pediatric therapists—a population that

is at increased risk of acquiring CMV, is a potential source of spread of the virus to families,

and that commonly works with children, including those who have long-term disabilities due

to a cCMV infection. Our study is also the first to parcel cCMV knowledge into the distinct

subcategories of cCMV awareness (e.g., SRF) and a demonstrated understanding (e.g., HRK)

of CMV transmission. Our results support the hypotheses that PTs and OTs have relatively

low overall cCMV awareness, but higher awareness than the general population, and equiva-

lent awareness to health care professionals. Only half of the therapists surveyed reported that

they were familiar cCMV. It is important to note that even this relatively low level of self-

reported awareness does not translate into a demonstrated understanding of CMV transmis-

sion. Although most respondents indicated that CMV could be transmitted across the

Table 3. (Continued)

N Awareness of cCMV

(SRF)

N (%)

Demonstrated Understanding of cCMV

(HRK)

N (%)

ORa 95% CIb P-value

0–4.9 years 41 (19.5) 11 (31.4) 6 (17.1) 4.759 0.53–42.38 0.162

5–14.9 years 58 (27.6) 25 (49.0) 9 (17.6) 4.929 0.59–41.38 0.142

>15 years 80 (34.8) 66 (89.1) 17 (23.0) 6.860 0.86–54.58 0.069

Work with Kids? (N = 215)

No (reference) 50 (23.3) 9 (21.4) 2 (4.8)

Yes 165

(76.7)

97 (67.0) 31 (21.4) 5.439 1.25–23.76 0.024

% Caseload with Kids (N = 215)

0% (reference) 43 (20.0) 0 0

1–9.9% 24 (11.2) 7 (33.3) 4 (19.0) 7.765 0.80–75.01 0.077

10–24.9% 4 (1.9) 2 (66.7) 0 0 - 0.999

25–49.9% 7 (3.3) 2 (28.6) 1 (14.3) 5.500 0.30–

100.47

0.250

50–74.9% 7 (3.3) 4 (71.4) 0 0 - 0.999

75–100% 130

(60.5)

82 (70.7) 27 (23.3) 0.030 1.31–76.65 0.027

Contact with Kids (N = 184)

< 1 day/week (reference) 52 (28.3) 13 (26.0) 5 (10.0)

1–2 days/week 22 (12.1) 14 (63.6) 3 (13.6) 4.421 0.31–6.56 0.652

3–4 days/week 27 (14.8) 14 (51.9) 9 (33.3) 4.500 1.33–15.28 0.016

> 5 days/week 83 (45.6) 53 (63.9) 16 (19.3) 2.149 0.74–6.28 0.162

aOR, odds ratio;
bCI, confidence interval
cSubfields for PTs and OTs were lumped, due to small sample size in some categories
dUnivariate analyses were not run for gender or ethnicity, as subcategory response sample sizes were too low for comparisons

https://doi.org/10.1371/journal.pone.0185635.t003
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placenta, many fewer therapists were knowledgeable about how to prevent infection—includ-

ing modes of behavioral transmission that are of relevance to therapeutic practice with young

children, such as handling children’s toys. HRK was significantly lower in every comparison

than SRF, and was estimated to be only 21% among all respondents. Our results support our

hypothesis that higher levels of HRK is associated with greater contact with children, but there

was no correlation between HRK and age, specialty, or time in practice. The gap between our

respondents’ perception of their cCMV awareness and their demonstrated understanding of

CMV transmission is cause for immediate concern.

Congenital CMV is a serious disease, and a leading cause of permanent disability in thou-

sands of children globally each year. Despite the absence of a vaccine, it has been demon-

strated that behavioral interventions among pregnant women or women planning a

pregnancy, such as improved handwashing and cleansing of surfaces in contact with chil-

dren’s bodily fluids, could lead to fewer children being affected [40, 41]. Behavioral interven-

tions are particularly important for pediatric therapists, who have intimate contact with

children and surfaces that may encounter their saliva or other bodily fluids. Our results vali-

date that therapists need improved cCMV education. Although CMV acquisition rates have

not been quantified in pediatric therapists, occupations with similarly intimate levels of

interaction with young children, such as daycare educators, kindergarten teachers, and pedi-

atric nurse aides have been demonstrated to be at particularly high risk of having a primary

CMV infection during pregnancy [28–36]. Guidelines for good hygienic practices to reduce

the risk of CMV infection among PTs and OTs include the following: (1) when interacting

with young children, therapists should assume ALL children are secreting CMV in their

saliva, urine, and tears; (2) thoroughly wash hands with soap and warm water after activities

such as feeding a child, wiping child’s runny nose or drool, handling children’s toys, (3) do

not share cups, plates, utensils, toothbrushes or food, (4) clean toys, countertops, and other

surfaces that come into contact with saliva, urine, or tears (Fig 7). This list of hygienic proce-

dures is not considered exhaustive (see [71] for full guidelines). It is not possible to avoid all

sources of congenital CMV infection, but being aware that contact with all young children

can raise the risk of infection may reduce the incidence of cCMV disease. Training programs

and disease monitoring interventions aimed at improving hand hygiene behaviors in health

care personnel have proven effective at decreasing rates of respiratory and diarrhea

Fig 7. Summary of main behavioral precautions to reduce the risk of cytomegalovirus (CMV)

transmission in therapeutic settings.

https://doi.org/10.1371/journal.pone.0185635.g007
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infections, as well as HIV [55]. Likewise, studies have shown significant reductions in rates

of CMV seroconversion during pregnancy when women are counseled on how to apply cor-

rect preventative measures [40, 41].

Of respondents who had either high SRF or high HRK of cCMV, the most commonly

reported source of information was the workplace, as has been reported for other populations

[72]. Pediatric work environments, such as clinics, schools, or early intervention agencies,

could be a key source for disseminating cCMV prevention messages. As evinced by the respon-

dent who reported cessation of treatment to children born with cCMV, communication about

the health risks and prevention of CMV transmission needs to be improved. Individuals who

oversee clinics and early intervention services should take steps to ensure that therapists are

receiving accurate and reliable information about cCMV.

Similar to previous studies, the second most common source of information about cCMV

is the internet [61]. The web is a primary source for health information among adults, particu-

larly women [73]. Our results suggest that graduate school curricula are another potentially

important source of cCMV information for therapists. The Accreditation Council for Occupa-

tional Therapy Education (ACOTE) requires infection control training for accredited doctoral,

master’s, and COTA training programs [74]. Similar training does not appear to be required

by the Commission on Accreditation in Physical Therapy Education (CAPTE) for PTs,

although it is for PTAs [75]. This could mean that although individual PT programs may

include infection control, there are no clear standards by which to guide student instruction.

In addition, programs are not required to teach students about cCMV, specifically. A study of

CMV information contained in books and pregnancy websites, demonstrated that these

sources contain accurate, but not adequate CMV information [76]. CMV prevention was

included in such references only 50% the time. This proportion is likely even lower in com-

monly referenced therapy textbooks.

Presenting accurate information to therapists about complications resulting from cCMV

is also critical. In our study, the group of respondents with high HRK had a higher percent-

age of correct responses regarding clinical outcomes caused by cCMV infection than previ-

ously demonstrated among women [42, 44]. However, even among people who have factual

knowledge about CMV transmission, knowledge about the impact of cCMV disease is low.

Among those who had either high SRF or HRK, only a minority could correctly identify out-

comes associated with cCMV syndrome. Most respondents associated developmental delays

with congenital infection, but many could not identify other symptoms of cCMV and/or

incorrectly identified congenital heart defects as caused by cCMV infection. Fetal exposure

to CMV greatly increases the risk of a child developing cerebral palsy (CP) [77]; between 5%

and 18% of cerebral palsy cases can be attributed to CMV infection [78–80]. Moreover,

because cCMV is likely under-diagnosed in the United States [12–17], it is probable that the

prevalence of children presenting for therapeutic services with CP due to cCMV is also

under-estimated. Yet, CP following symptomatic cCMV infection is often a severe condition

involving spasticity in all four limbs, often with associated epilepsy, visual, and/or hearing

impairments [79–81]. As such, children with CP secondary to a cCMV infection stand to

benefit most by early intervention through physical and occupational therapies [82, 83].

Increased strategic communication about the complications of cCMV infection is

warranted.

Interventions for the prevention of cCMV should include structural or environmental

approaches [42, 84]. Some studies have suggested that CMV-negative women who are preg-

nant or wish to become pregnant, and who work in pediatric healthcare or educational set-

tings, should be reassigned to children who were not born with cCMV, who are not

shedding the virus, or be removed from working with children altogether [32, 34, 36].
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However, avoidance of exposure is difficult, as CMV is ubiquitous in pediatric environ-

ments and in the community [85]. Most individuals shedding CMV are asymptomatic, and

up to 80% of otherwise healthy children excrete CMV in their bodily fluids [20]. In other

words, children who are excreting CMV are indistinguishable from those who are not.

Therefore, reassignment into perceived lower risk areas is unlikely to be an effective protec-

tion measure [26, 85–87], and may create a false sense of security from an elevated risk of

transmission. Pediatric therapists should be advised to assume that children under the age

of three have CMV in their urine, saliva, and tears, and practice hygienic precautions

[71, 85].

Limitations

Although online survey research is now routine, data quality may be affected by commonly

observed problems associated with use of the internet. We adopted the best research practices

developed by [60] when designing our survey to minimize the limitations associated with

online research. However, cross talk, in which participants who have completed the survey dis-

cuss it with those who have not yet completed the task, could have influenced the naiveté of

the participants to the study topic and survey questions. It was impossible to control for this

limitation because participants completed the survey in an unsupervised environment. Chan-

dler and Shapiro (2016) have demonstrated that cross talk is a relatively rare occurrence, sug-

gesting its effect on our results are minimal [60].

Our survey was voluntary, and data was derived from a self-selected sample that may not

represent all therapists. Our sample size was relatively low, especially among OTs. However,

demographic information suggests that our sample was representative of the greater PT popu-

lation. We did not retest the questionnaire to eliminate ambiguous answers, and some respon-

dents did not follow directions, or guessed at responses. For example, some respondents

replied to questions about modes of CMV transmission, despite already answering that they

had no familiarity with cCMV. In addition to the inherent bias of self-reported data [50], our

survey may overestimate therapist SRF with cCMV. We countered this effect by creating HRK,

a variable based only on demonstrated understanding of CMV modes of transmission. Finally,

previously published data on cCMV knowledge amongst women with work experience in

health care did not specify which fields of practice were encompassed by this group [44]. It is

likely this category represents a broad sample of women (e.g., varying educational back-

grounds, years of experience, etc). Because this group was inherently different from our sam-

ple, our ability to draw direct comparisons was limited.

Conclusions

Our study demonstrated that there is overall low cCMV knowledge amongst PTs and OTs.

The gap between therapist awareness of cCMV their demonstrated understanding of CMV

transmission is significant and worrisome. It is important to address this knowledge gap

through educational initiatives because cCMV likely represents an occupational hazard for

pediatric therapists (e.g., [56]). Furthermore, the success of strategies to prevent cCMV infec-

tion includes the active involvement of allied health practitioners involved in mother and child

care [88]. Raising cCMV awareness and knowledge among physical and occupational thera-

pists, who may then educate families with whom they are interacting, is an important step in

preventing congenital CMV. Such awareness can lead to improvement in preventative behav-

iors, immediately affecting the burden of cCMV disease.
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