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Background

Cytomegalovirus (CMV) is the most frequent cause of congenital viral infection in developed countries [START_REF] Leruez-Ville | Risk Factors for Congenital Cytomegalovirus Infection Following Primary and Nonprimary Maternal Infection: A Prospective Neonatal Screening Study Using Polymerase Chain Reaction in Saliva[END_REF]. Among the 1% of neonates who are born infected by CMV, approximately 10% are symptomatic, leading to permanent disabilities (cognitive and motor impairment, deafness, and blindness). Among those who are asymptomatic at birth, up to 5-10% will develop progressive hearing loss. If there are symptoms at birth, the risk of sequelae is almost certain [START_REF] Boppana | Intrauterine Transmission of Cytomegalovirus to Infants of Women with Preconceptional Immunity[END_REF][START_REF] Demmler | Infectious Diseases Society of America and Centers for Disease Control: Summary of a Workshop on Surveillance for Congenital Cytomegalovirus Disease[END_REF][START_REF] Gibson | Neurotropic Viruses And Cerebral Palsy: Population Based Case-Control Study[END_REF][START_REF] Kenneson | Review and meta-analysis of the epidemiology of congenital cytomegalovirus (CMV) infection[END_REF][START_REF] Dollard | New estimates of the prevalence of neurological and sensory sequelae and mortality associated with congenital cytomegalovirus infection[END_REF]. In France, as in most European countries, approximately 50% of women of childbearing age are seronegative for CMV [START_REF] Vauloup-Fellous | Does hygiene counseling have an impact on the rate of CMV primary infection during pregnancy?[END_REF][START_REF] Naessens | A serologic strategy for detecting neonates at risk for congenital cytomegalovirus infection[END_REF]. Mother-to-child transmission may occur during primary infection, but also following non-primary infections, and no vaccine is available. Treatment strategies for prevention during pregnancy are still under evaluation, including hyperimmune immunoglobulins and antivirals [START_REF] Leruez-Ville | In utero treatment of congenital cytomegalovirus infection with valacyclovir in a multicenter, open-label, phase II study[END_REF][START_REF] Hamilton | Prevention of congenital cytomegalovirus complications by maternal and neonatal treatments: a systematic review: Prevention and treatment of congenital CMV[END_REF][START_REF] Kimberlin | Effect of ganciclovir therapy on hearing in symptomatic congenital cytomegalovirus disease involving the central nervous system: a randomized, controlled trial *[END_REF][START_REF]La prévention de l'infection à cytomégalovirus chez la femme enceinte et chez le nouveau-né[END_REF]. Maternal infection is best prevented by following published measures [START_REF] Picone | A 2-year study on cytomegalovirus infection during pregnancy in a French hospital[END_REF]. recommend that all pregnant women should be given information about CMV infection [START_REF]La prévention de l'infection à cytomégalovirus chez la femme enceinte et chez le nouveau-né[END_REF][START_REF]Évaluation de l'intérêt du dépistage de l'infection à cytomégalovirus chez la femme enceinte en France. Saint-Denis La Plaine[END_REF]15). Routine screening for CMV infection is debated and currently not recommended in France [START_REF]Évaluation de l'intérêt du dépistage de l'infection à cytomégalovirus chez la femme enceinte en France. Saint-Denis La Plaine[END_REF]15), where a study conducted from 2000 to 2003 and a 2011 cohort study showed that 1 woman out of 4 was screened at the beginning of pregnancy [START_REF] Moty-Monnereau | Dépistage prénatal du cytomégalovirus en France : une augmentation des pratiques de prescription de 2000 à 2003 malgré l'absence de recommandation favorable: Prenatal screening of cytomegalovirus in France: an increasing frequency practices of screening from 2000 to 2003 despite no recommendation in favor[END_REF].

ANAES (Agence

Counseling recommendations include frequent hand washing with soap and warm water, especially after diaper changes, feeding or bathing the child, wiping the child's runny nose or drool, and handling the child's toys. Parents are also advised not to share cups, plates, utensils, toothbrushes, or food, not to kiss on or near the mouth, and not to share towels or washcloths, clean toys, countertops and other surfaces that come in contact with urine or saliva [START_REF]La prévention de l'infection à cytomégalovirus chez la femme enceinte et chez le nouveau-né[END_REF]15).

Unfortunately, such advice is not often given to patients by health care providers in France [START_REF] Cordier | Awareness and knowledge of congenital cytomegalovirus infection among health care providers in France[END_REF].

A study in the Netherlands highlighted that knowledge of CMV infection among doctors is patchy [START_REF] Korver | Awareness of congenital cytomegalovirus among doctors in the Netherlands[END_REF]. In 2012, Cordier et al reported a lack of knowledge among French doctors and midwives [START_REF] Cordier | Awareness and knowledge of congenital cytomegalovirus infection among health care providers in France[END_REF].

As a consequence, pregnant women have little awareness of CMV [START_REF] Cordier | Awareness of cytomegalovirus infection among pregnant women in France[END_REF][START_REF] Jeon | Knowledge and Awareness of Congenital Cytomegalovirus Among Women[END_REF] and therefore may not apply preventive hygiene if they are not correctly informed. Jeon et al reported that only 22% of US women of childbearing age had heard of congenital CMV [START_REF] Jeon | Knowledge and Awareness of Congenital Cytomegalovirus Among Women[END_REF]. A French study [START_REF] Cordier | Awareness of cytomegalovirus infection among pregnant women in France[END_REF] in an obstetric center where written and oral information is commonly provided showed that scarcely 60% of pregnant women had the requisite knowledge, and so there is considerable room for improvement. Following on from our 2012 questionnaire study [START_REF] Cordier | Awareness and knowledge of congenital cytomegalovirus infection among health care providers in France[END_REF], we decided to investigate whether French care providers' knowledge of congenital CMV infection improved between 2012 and 2018.

Objectives

To evaluate awareness and knowledge of CMV infection among health care providers in France in 2018 and to compare them with a previous study conducted in 2012.

Study design

A 29-item anonymous questionnaire on CMV, which takes 5 minutes to complete, was developed, based on the questionnaire used in the Netherlands and in France in our group's previous study [START_REF] Cordier | Awareness and knowledge of congenital cytomegalovirus infection among health care providers in France[END_REF][START_REF] Korver | Awareness of congenital cytomegalovirus among doctors in the Netherlands[END_REF]. The questionnaire was designed with GoogleForm and the link of the questionnaire was sent by e-mail in several French regions via the CNGOF, CFEF (Collège Français d'Echographie Foetale), council of the order of midwives of Paris, perinatal network and health managers and maternity department heads. This emailing took place from September 2018 to January 2019.

Respondents were first asked to provide several demographic variables, including age, professional field, and the type of activity. The questionnaire included questions on congenital CMV infection, the symptoms and signs of CMV infection in healthy adults and newborns, the mode of transmission and the long-term effects. The suggested answers were based on the literature, and some were incorrect (i.e. false symptoms). Multiple answers were accepted. There were also questions on knowledge of French recommendations. Most questions were mandatory for validation of the questionnaire.

To evaluate knowledge, we used a score based on the sum of correct answers. In the multiplechoice questions, one point was awarded for a correct answer, 0.5 points were docked for a wrong answer, and no points were given if no correct answer was selected. For the single choice questions, one point was awarded per correct answer and no points were given for a wrong answer. The maximum achievable score was 30 and the minimum 0. Scores were compared between the different specialty groups (midwives, laboratory physicians, residents, obstetricians, pediatricians).

Medical doctors included residents.

Data analysis

Awareness and knowledge were compared using Chi2 or Fisher's exact test for categorical variables. Odds ratios and 95% confidence intervals were calculated. Data analysis was performed using BiostaTGV. p<0.05 was considered significant. We first assessed participating medical doctors' and midwives' knowledge about CMV and pregnancy. Then, we compared the findings of Cordier et al [START_REF] Cordier | Awareness and knowledge of congenital cytomegalovirus infection among health care providers in France[END_REF] and our results using the same statistical tests. We had 3 groups in the 2 studies: all health care professionals, medical doctors (excluding laboratory physicians because in 2018 few of these professionals were included) and midwives. We compared all respondents (2012 vs 2018), and then stratified by occupation, comparing "medical doctors 2012" with "medical doctors 2018" and "midwives 2012" with "midwives 2018". These comparisons were possible because the same investigators performed the two surveys, and the mode of distribution of the questionnaire and the survey were very similar.

Results

A total of 597 health care professionals completed the questionnaire: 305 (51%) midwives, 7

(1.2%) laboratory physicians, 199 (33.3%) obstetricians, 29 (4.9%) pediatricians, 17 (2.9%) medical gynecologists and 32 (5.4%) residents, with 3 in obstetrics and 1 in pediatrics who were included in their specialty. Comparing the characteristics of the populations of the two studies (Table 2), we noted that professionals surveyed in 2012 were significantly more likely to belong to a fetal medicine center than in 2018 (p <0.001). There were significant differences between the two midwife groups (p<0.001) and between the two physician groups (p<0.05) of Cordier et al [START_REF] Cordier | Awareness and knowledge of congenital cytomegalovirus infection among health care providers in France[END_REF] and of the present study, in terms of the "professional setting" and "belonging to a fetal medicine center." The characteristics of the respondents are shown in Table 1 and the two populations (2012/2018) are compared in Table 2.

Route of transmission

Most respondents were unaware of the exact route of CMV transmission: only 9.1% (54/597) answered all questions correctly. The best-known route of transmission was kissing 94% (562/597).

The sexual transmission and the breastfeeding route were known, respectively, by 173/597 (29%) and 177/597 (29.7%) respondents.

Medical doctors responded significantly better than midwives regarding 3 items: sexual transmission (p-value: 0.03 OR = 3.8 CI (1-2.2)), blood transmission (p-value <0.001 OR = 1.7 CI (1.2-2.5)) and breastfeeding (p-value < 0.001 OR = 1.9 CI (1.3-2.7)). These results are presented in Table 3.

Between 2012 and 2018, knowledge about routes of transmission significantly increased among medical doctors (excluding laboratory physicians) concerning kissing (p-value: 0.001 OR = 2.9 CI (1.5-5.5)), changing diapers (p-value: 0.02 OR = 1.5 CI (1.1-2.2)) and breast milk (p-value: 0.01

OR = 1.6 CI (1.1-2.

2))

. There was also a significant knowledge increase among midwives regarding kissing (p-value < 0.001 OR = 4.7 CI (2.9; 7.5)) and changing diapers (p-value < 0.001 OR = 2.4 CI (1.7; 3.4)). On the other hand, knowledge about breast milk transmission did not improve significantly in midwives (p=0.07). Breast milk and sexual intercourse remained the least known transmission routes. These results are presented in Table 4.

Maternal symptoms

Eighty-nine percent (533/597) of respondents were aware that CMV infection might be asymptomatic in healthy mothers (Table 6). Correct answers on maternal symptoms (fever, flu-like symptoms or asymptomatic) were given by 50.8% (155/305) of midwives and 77.5% (221/285) of medical doctors. There were significant between-group differences in favor of medical doctors (p- 6).

Fetal and neonatal symptoms and long-term effects

Respondents' knowledge of neonatal symptoms of fetal congenital CMV infection (jaundice, seizures, microcephaly, hearing loss, IUGR, petechiae) was assessed (Table 5). More than 80% of the respondents knew that microcephaly, growth restriction and hearing loss could be signs of congenital CMV in newborns. Furthermore, hearing loss, which is the most frequent symptom, was known by 76.7% (234/305) of midwives and 85.6% (250/292) of medical doctors (p-value: 0.005

OR = 1.8 CI (1.2-2.8)).
We found a significant improvement between 2012 and 2018 in terms of knowledge of the following items: microcephaly, IUGR and hearing loss (p-value < 0.001). However, these items were those with the fewest correct answers in our study (Table 7).

The long-term effects of CMV congenital infection, such as mental retardation and hearing loss, were well known by medical doctors (91.8% (268/292) and 91.1% (266/292), respectively), and midwives. However, respondents were less aware of motor delay and seizures (only 54.4% (325/597) and 40% (239/597) of correct answers) (Table 8).

The percentage of right combinations increased significantly for medical doctors and midwives between 2012 and 2018. In 2012, the question about long-term effects had the lowest percentage of correct answers (Table 9).

Prevention and treatment knowledge

Of the 33% of respondents who thought that in utero treatment options for congenital CMV infection were already available in France, 59/285 (20.7%) were medical doctors and 37/305 (12.1%) midwives (Table 9). Among perinatal health professionals (gynecologists, obstetricians and midwives), 67.8% (n=521) gave hygiene advice to patients for prevention of CMV infection. This was more frequently the case with obstetricians than midwives (p-value: 0.002 OR = 1.6 CI (1.1-2.5)) (Table 10). Among professionals in perinatal health, the higher the knowledge score, the more prevention was explained to women (p-value: 0.005 OR = 2 CI (1.2-3.1)) (Table 11).

French recommendations on CMV screening and prevention were familiar to 72.9% of respondents, but only 30% (n=597) had knowledge of the 2017 CNGOF publication (Table 12).

Comparing the results of 2012 and ours, we noted that more professionals in 2018 than in 2012 thought that treatment existed, but the difference did not reach significance for the whole population or for the medical doctor group. The difference was significant for the midwife group (5% n=409 vs 12.1% n=305 p-value: 0.004 OR = 0.5 CI (0.3-0.8)).

In 2012, 31% of respondents gave hygiene advice to patients, compared with 67.8% of gynecologists, obstetrician and midwives (n=521) in the present study. In 2012, 64% of professionals who did not give information considered that it is not a mandatory recommendation; this percentage had dropped to 25% by 2018 (n=521).

Discussion

Knowledge about CMV and pregnancy improved between 2012 and 2018 among medical doctors and midwives regarding the route of transmission, symptoms in adults and long-term effects. Although the results are not excellent, 79% of health care practitioners scored above 15/30, and practitioners with the most knowledge more frequently counseled pregnant women (p-value: 0.005 OR: 1.96 CI (1.2-3.1)).

To our knowledge, this is the first assessment of the evolution of knowledge of congenital CMV infection in France in a population commonly used to the management of this infection: this is one of the strengths of the study, which closely followed the updating of the CNGOF recommendations and the publication of an HCSP report on the subject [START_REF]La prévention de l'infection à cytomégalovirus chez la femme enceinte et chez le nouveau-né[END_REF]15). Our study had a large sample (n=597) and the questionnaire used was similar to that of Cordier et al [START_REF] Cordier | Awareness and knowledge of congenital cytomegalovirus infection among health care providers in France[END_REF]. Moreover, the study and design teams were the same for both studies, which enabled comparisons to be made.

The method used to recruit respondents was likely to over-represent professionals interested in the subject and having the knowledge needed to respond to our questionnaire, but this bias is limited by the fact that in 2012 the professionals surveyed were also likely to be interested in CMV infection. The questionnaire was emailed only by academic societies and hospitals, which meant that the distribution was controlled and reached our target population. Unfortunately, with this method, we could not reach general practitioners despite the fact that they follow up 6.5% of pregnancies according to the 2016 French Perinatal Survey (21). One possible opening is the distribution of the questionnaire at general medicine congresses. When we compared both populations, there was a significant difference in terms of professional setting and membership of a fetal medicine center. Indeed, in 2012 more professionals worked in a fetal-medicine center than in 2018: this can make an underestimation of the improvement in knowledge. Furthermore, we do not know if some participants had participated in both studies because both were anonymous.

In the 2009 study by Korver et [START_REF] Korver | Awareness of congenital cytomegalovirus among doctors in the Netherlands[END_REF]. However, compared to the Korver et al study, most of our large number of respondents are directly involved in the management of pregnancies (obstetricians and midwives). This difference can, perhaps, be explained by a difference in education or awareness of the health care providers between the Netherlands and France.

In a 2017 study in the United States, 53% of 187 physical and occupational therapists knew that CMV can be transmitted through blood [START_REF] Muldoon | Knowledge of congenital cytomegalovirus (cCMV) among physical and occupational therapists in the United States[END_REF]. This proportion is higher than the 43% (n = 597) in our study, although our population is all the more concerned by this problem. We found that medical doctors were more aware than midwives regarding several questions, especially those concerning knowledge of the symptoms in newborns and adults as well as some long-term effects and transmission routes. These differences had already been reported in 2012 by Cordier et al. This is consistent with the fact that midwives, who are responsible for the follow-up of a high proportion of pregnancies in France (8.5% in private practice and 14.8% in hospitals in 2016) [START_REF] Muldoon | Knowledge of congenital cytomegalovirus (cCMV) among physical and occupational therapists in the United States[END_REF], have a more physiology-centered activity and are thus less involved with diseases.

We noted that the best-informed professionals counseled pregnant women the most.

Information is crucial and is recommended by the CNGOF (15), following studies that have concluded that giving hygiene information to decrease the rate of maternal infection in a high-risk population might be effective in preventing CMV infection in seronegative women who already know they are pregnant [START_REF] Vauloup-Fellous | Does hygiene counseling have an impact on the rate of CMV primary infection during pregnancy?[END_REF]. As recommended in France, the American College of Obstetricians and Gynecologists (ACOG) recommends that its members counsel pregnant women about CMV prevention. In 2008, ACOG assessed the impact of this recommendation by asking physicians about their knowledge and practices related to prevention of several infections, including CMV, during pregnancy. This survey included 305 members of CARN (ACOG) involved in the care of pregnant women. The survey findings suggest that fewer than half (44%) of obstetricians and gynecologists (n=294) routinely counsel patients about CMV prevention [START_REF]Knowledge and Practices of Obstetricians and Gynecologists Regarding Cytomegalovirus Infection During Pregnancy -United States[END_REF]. In France in 2018, this percentage was better, since 67.8% of gynecologists, obstetricians and midwives (n=521) informed women.

It is true that the two populations we surveyed (2012 vs 2018) may have differed, but the results obtained were very significant, so we can say that knowledge, although not optimal, did improve over the 6 years our study. These improvements may stem from awareness of the importance of continuing education and from an update of the CNGOF recommendations (15).

In order to improve knowledge, several initiatives were undertaken in 2018 by gynecologists and laboratory physicians, resulting in the publication of a comic strip in several languages on CMV prevention via CNGOF (Collège National des Gynécologues-Obstétriciens Français) and GRIG (Groupe de Recherche sur les Infection la Grossesse), (https://www.infections-grossesse.com/cytomegalovirus-cmv), for distribution in medical offices and hospitals.

Further surveys should be performed to determine whether knowledge about CMV and pregnancy shows further improvements. To improve knowledge and therefore increase the percentage of professionals informing patients, professional must be more informed by medical publications, meetings, conferences. Our website dedicated to congenital infection may also play a rule in increasing general knowledge on infections (www.infections-grossesse.com).. It would also be interesting to conduct a similar study regarding other infections. 
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  value <0.001 OR= 3 CI (2.1-4.3)). Knowledge of maternal symptoms had improved since the 2012 study of Cordier et al. For example, in 2012, 75% (n=800) health care providers knew that a flulike syndrome was possible, whereas in 2018, 92.8% checked this answer as correct (p-value < 0.001 OR = 4.2 CI (3-5.9)). The percentage of correct combinations increased significantly for all groups: all professionals (p-value < 0.001 OR = 5.2 CI (4.1-6.5)), medical doctors (p-value < 0.001 OR = 5 CI (3.5-7.1)) and midwives (p-value <0.001 OR = 12.2 CI (8-18.6)) (Table
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