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Aims: Cytomegalovirus (CMV) is a preventable cause of neurodevelopmental disability. 
Australian guidelines recommend that pregnant women are informed about CMV to reduce 
their risk of infection; however, less than 10% of maternity health professionals routinely pro-
vide prevention advice. The aim was to develop and evaluate the effectiveness of an eLearn-
ing course for midwives to improve knowledge and confidence about CMV.
Materials and Methods: Participants undertaking the course between March and November 
2020 were invited to complete an evaluation questionnaire: before the course (T1), immedi-
ately after (T2) and three months post completion (T3). A linear mixed model was used to 
evaluate change in participant scores; P < 0.05 was considered statistically significant.
Results: Midwives (316/363, 87%), midwifery students (29/363, 8%) and nurses (18/363, 5%) 
participated. At T1 80% indicated they had not received education about CMV. Total adjusted 
mean scores for questionnaires completed between T1 (n = 363) and T2 (n = 238) increased 
significantly (from 17.2 to 22.8, P < 0.001). Limited available T3 scores (n = 27) (−1.7, P < 0.001), 
while lower than T2, remained higher than at T1 (+3.6, P < 0.001). Participants’ awareness of 
CMV information resources improved from 10 to 97% from T1 to T2. Confidence in providing 
CMV advice increased from 6 to 95% between T1 and T2 (P < 0.001) and was maintained at 
T3. Almost all (99%) participants indicated they would recommend the course to colleagues.
Conclusion: Participants who completed the eLearning course had significantly improved 
knowledge and confidence in providing advice about CMV. Programs targeting other mater-
nity health professionals should be considered, to further support the implementation of the 
congenital CMV prevention guidelines.
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INTRODUCTION

Cytomegalovirus (CMV) is a common herpesvirus that is transmit-

ted from person to person via bodily fluids, including urine, saliva, 

blood and semen.1 Women who work with and/or care for young 

children are at the highest risk of acquiring CMV infection.1 If a 

pregnant woman acquires CMV for the first time (maternal primary 

infection) particularly in the first trimester or has CMV reactivation 

in pregnancy, a resulting congenital infection can cause damage 

to the developing fetus.2 In Australia, more than 1800 infants are 

born with congenital CMV (cCMV) each year.3 Approximately 400 

of these will go on to have long- term neurodevelopmental disabil-

ities, including progressive sensorineural hearing loss, epilepsy, 

intellectual impairment and cerebral palsy.1,3–9

In the absence of an effective vaccine, the best primary pre-

vention strategy for CMV infection in pregnancy is education on 

hygiene precautions to reduce the risk of maternal infection.10 

Hygiene precautions are effective in reducing CMV seroconversion 

during pregnancy, and women find receiving information about 

prevention to be both acceptable and useful.11–15 International 

and Australian guidelines now recommend that all pregnant 

women should be provided with information about CMV and 

steps to reduce the risk of infection in pregnancy.10,16–18

However, awareness of CMV internationally is low.19 In 

Australia only one in six pregnant women are aware of the virus,12 

and <10% of maternity health professionals routinely discuss CMV 

prevention with pregnant women in their care.20 Barriers to coun-

selling identified to date include lack of knowledge about CMV, 

prevention strategies and interpreting serology testing; coupled 

with a lack of confidence discussing CMV; and a lack of clinical 

guidelines and information resources.20 The promulgation of new 

Australian clinical guidelines16,18provided the impetus for the de-

velopment of an eLearning course, Congenital cytomegalovirus: 

prevention is in your hands. The aim of this study was to evaluate 

the effectiveness of the eLearning course in improving maternity 

health professionals’ knowledge of CMV and confidence in provid-

ing CMV prevention advice to pregnant women.

MATERIAL AND METHODS

We performed an evaluation of maternity health professionals’ 
knowledge, attitudes and behaviours about CMV, before and after 
they completed a CMV eLearning course.

The eLearning course was developed by the Cerebral Palsy 
Alliance Research Institute, CMV Australia and an expert reference 
group which included midwives, maternal fetal medicine special-
ists, paediatric infectious disease specialists, a virologist, a neona-
tologist, epidemiologists and families of children who had been 
impacted by cCMV. Adult learning principles were applied to the 
development and provision of the course: taking the course was 
voluntary, participation self- initiated; participants controlled the 
pace of their learning; case examples prompted reflection and ac-
tive recording; the program was relevant to participants’ practice 
and aligned with current clinical practice guidelines.21

The 2- h course included five modules (Fig. 1). Users accessed 
the course via the Australian College of Midwives (ACM) Learning 
Management System (LMS). ACM promoted the course on its 
website, social media platforms and directly to members via its 
eNewsletters and member magazine. The course was free, and 
on completion participants were eligible to claim two continuing 
professional development (CPD) hours.

Participants who undertook the course between March and 
December 2020 were invited to participate in the evaluation via 
written text and a participant information sheet embedded in 
the online course. Participation was optional and included a re-
quest to complete three short (<10 min) questionnaires at three 
time points: pre- course (T1), immediately post- course (T2) and 
three months post- course completion (T3). A link to the T3 ques-
tionnaire was sent to participants by email. An additional auto-
mated reminder email was sent to those who did not complete 
the survey within a month of the initial email, and participants who 
completed all three questionnaires were eligible to enter a draw 
to receive a gift voucher. The questionnaires contained multiple- 
choice questions and were designed to test participant knowledge 
against each of the five modules. A score of one or zero was given 
for each item with a maximum total score of 25. Participants were 
asked demographic questions: their role, practice location, length 
of practice, whether they had previously received CMV education, 

F I G U R E  1   ‘Congenital cytomegalovirus: prevention is in your hands’ eLearning course modules.

What is CMV and how is it spread?

What is congenital CMV and how can it affect babies? 

What are the current recommendations for serological testing of maternal CMV? 

What are the recommended prevention strategies for reducing the risk of CMV 
infection and transmission during pregnancy?

What role do midwives have in counselling pregnant women about CMV? 
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practise regarding CMV counselling in the last month (I counselled 
every woman/almost all the women/about half the women/no 
women in my care, I do not discuss CMV, not currently practis-
ing), confidence in providing information about CMV (I feel con-
fident about giving advice and answering questions about CMV 
in pregnancy: strongly agree, agree, neutral, disagree, strongly 
disagree) and awareness of and where to access CMV resources. 
Post- course participants were asked whether they would rec-
ommend the course to colleagues, what could be improved and 
what they perceived the main take- home course messages to 
be (Appendix S1).

Statistical analyses

Participant demographic data at each time point was analysed 
using descriptive statistics. A generalised linear mixed- effects 
model with a random intercept was used to evaluate change in 
participant questionnaire scores at each time point while account-
ing for within- subject correlation. As both previous CMV education 
and length of practice were factors that had a significant effect on 
the mean score these were controlled for within the model. An 
ordinal regression model with a random intercept, controlling for 
prior CMV education and length of practice, was used to investigate 
changes in participant responses to statements about confidence 
in giving advice about CMV and CMV counselling practice over time. 
Changes in participant awareness of CMV resources were investi-
gated using a logistic regression model with a random intercept 
that similarly controlled for prior CMV education and length of 
practice. Participant responses regarding the main take- home mes-
sages from the course were categorised by theme. Proportional 
representation of the frequency of responses under each theme 
was displayed in a bubble chart using Tableau software. A P- value 
of <0.05 was considered statistically significant. Statistical analyses 
were performed in R, using the packages lme4 and ordinal.

Ethics

This research was conducted with the approval of the University 
of Sydney Human Research Ethics Committee (Project 
number: 2019/1020).

RESULTS

Participants

Participants were 87% midwives (316/363), 8% (29/363) midwifery 
students and 5% (18/363) nurses. Most participants (291/363, 
≈80%) had not previously received education about CMV. 
Length of practice varied widely. Almost all participants were 
 practising in Australia, with the majority in metropolitan public 
 practice (Table 1).

Participant knowledge

Questionnaires were completed by 363 participants at T1, 238 
at T2 (66%) and 27 at T3 (7%). Adjusted total mean scores be-
tween T1 and T2 significantly improved with an increase of 
+5.56 (from 17.2 to 22.8, P  <  0.001). Using limited available 
T3 data, the total mean score decreased between T2 and 
T3 (−1.71, p  < 0.001); however, the mean T3 score remained 
significantly higher than prior to the course (20.8, +3.6, 
P < 0.001) (Table 2).

Investigation of changes in adjusted mean scores by module 
revealed significant improvements across all modules between 
T1 and T2 (P < 0.001). Participant knowledge varied across mod-
ules, with the lowest adjusted baseline mean scores for Module 2 
and Module 4 (adjusted mean T1 scores 2.7 and 3.1, respectively). 
Participants had the most difficulty correctly answering questions 
pertaining to neonatal signs of cCMV disease (eg petechial rash), 
long- term outcomes (eg most babies born with cCMV will not have 
cCMV disease, but cCMV can cause hearing loss, intellectual im-
pairment, epilepsy and cerebral palsy), risk reduction (eg avoid 
contact with saliva) and how long children excrete CMV (eg up 
to two years).22,23

Module 5 included content about CMV information resources 
for pregnant women, maternity health professionals and the gen-
eral community. Key learnings from Modules 1 to 4 (eg CMV is 
the most common infection passed from mother to baby during 
pregnancy) were also summarised in this module. Participants 
had high scores at all time points for Module 5 (adjusted mean 
at T1:4.5, T2 4.9, T3 4.7) with no significant changes observed be-
tween T2 and T3 or between T1 and T3.

Participant confidence

Changes in participant confidence were measured by response 
to the following statement ‘Ifeel confident about giving advice 
and answering questions about CMV in pregnancy’. At T1, 
22/262 (6%) of midwives indicated that they agreed or strongly 
agreed with this statement compared with 227/238 (95%) at T2 
(T1– T2: P < 0.001). Limited data available at T3 indicated that 
19/27 (70%) agreed or strongly agreed with this statement (T1– 
T3: P < 0.001).

Awareness of CMV education resources 
available for pregnant women and families

Prior to completing the course (T1) very few participants (37/361, 
10%) were aware of available CMV education resources. At T2, 
232/238 (97%) (P  ≤  0.001) of respondents were aware of how 
to access free CMV education resources for women and fami-
lies through the Department of Health, Cerebral Palsy Alliance 
Research Institute and CMV Australia.
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TABLE 1 Participants’ roles, practise details and previous cytomegalovirus (CMV) education

Pre- course
questionnaire (T1)

Post- course
questionnaire

(T2)

three- month follow- up 
questionnaire

(T3)

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

n = 363 n = 238 n = 27

Role

Midwife 298 (82.1) 200 (84) 22 (81.5)

Midwife with endorsement 18 (5.0) 11 (4.6) 3 (11.1)

Midwifery student 29 (9.0) 14 (5.9)

Other† 18 (5.0) 13 (5.5) 2 (7.4)

Missing 0 0 0

Time practising in the field

Student 30 (8.3) 15 (6.3)

Less than 5 years 114 (31.4) 76 (31.9) 2 (7.4)

5– 9 years 63 (17.4) 38 (16.0) 4 (14.8)

10– 14 years 51 (14.0) 35 (14.7) 7 (25.9)

15 years or more 105 (28.9) 74 (31.1) 14 (51.9)

Missing 0 0 0

Practice location –  country

Australia 354 (97.5) 230 (97.5) 27 (100)

Overseas‡ 8 (2.2) 6 (2.5) - 

Missing 3 2 0

Australian practice state/territory

ACT/NSW 101 (29.1) 71 (31.4) 11 (40.7)

NT 6 (1.7) 2 (0.9) 1 (3.7)

QLD 73 (21.0) 43 (19.0) 7 (25.9)

VIC 81 (23.3) 59 (26.1) 2 (7.4)

SA 24 (6.9) 15 (6.6) - 

TAS 3 (0.9) 2 (0.9) - 

WA 59 (17.0) 34 (15.0) 4 (14.8)

Not practising/practising outside of 
Australia

16 12 0

Practice location –  remoteness

Metropolitan 221 (60.9) 144 (60.5) 15 (55.6)

Regional 95 (26.2) 65 (27.3) 7 (25.9)

Rural 38 (10.5) 23 (9.7) 3 (11.1)

Remote 9 (2.5) 6 (2.5) 2 (7.4)

Missing 0 0 0

Practice type

Public practice 272 (74.9) 181 (76.1) 21 (77.8)

Private practice 22 (6.1) 15 (6.3) 3 (11.1)

Mixed public and private 22 (6.1) 14 (5.9) 2 (7.4)

N/A currently not working 20 (5.5) 15 (6.3) 1 (3.7)

N/A currently a student 27 (7.4) 13 (5.5) - 

Missing 0 0 0

Previously received CMV education

Yes 72 (19.8) 47 (19.7) 7 (25.9)

No 291 (80.2) 191 (80.3) 20 (74.1)

Missing 0 0 0

†Other includes fertility nurse, registered nurses, maternal and child health nurse.
‡Botswana, Estonia, Indonesia, Ireland, Japan, New Zealand, Singapore.
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Providing advice to women about CMV

At T1 and T3 participants were asked about their practice in 
providing CMV advice to women in their care over the previous 
month. At T1, 70% (188/270) of practicing midwives indicated 
they did not discuss CMV with women in their care. Analysis of 
available data at T3 showed that this had dropped to 22% (5/22) 
(P < 0.001) (Supplemental Figure S1).

Main take- home messages from the course

At T2 participants were asked to list their main take- home mes-
sages from the course. The most common response (122/183 
respondents, 66%) was the importance of educating all women 
about CMV infection. This was followed by the simple hygiene 
strategies for reducing the risk/prevention of CMV transmission 
(75/183 respondents, 41%) and that CMV is very common (36/183 
respondents, 20%). (See Figure 2.)

Changes and recommendations

At T2, a small proportion (24/296, 8%) of respondents indicated 
they had experienced some difficulty navigating the course. A mi-
nority (5/296, 2%) felt that the course should contain more infor-
mation, while others (3/296, 1%) reported it was too long. Almost 
all (233/238, 99%) indicated that they would recommend the 
course to their colleagues.

DISCUSSION

Counselling about CMV hygiene practices has been shown to re-
duce rates of seroconversion in pregnant women.11,14,15 However, 
in Australia, CMV counselling in prenatal or antenatal care is often 
neglected.20 The Congenital cytomegalovirus: prevention is in your 
hands eLearning course was designed using adult learning principles 
and developed to support the implementation of the 2019/20 cCMV 
prevention guidelines which recommend that pregnant women and 
women planning pregnancy are given information about CMV pre-
vention.16,18 Midwives’ knowledge about CMV and confidence in pro-
viding CMV advice improved significantly after course completion. 
This knowledge translated into self- reported behaviour change as 
midwives indicated that they were more likely to provide informa-
tion to pregnant women about CMV after completing the course. 
This research supports the effectiveness of the eLearning delivery 
model and highlights the demand for appropriate education and 
support for maternity health professionals to ensure women and 
families receive important CMV prevention advice.

The majority (>80%) of participants reported they had not re-
ceived CMV education prior to completing this course. This was 
evident in terms of low pre- course knowledge of the routes of 
transmission, clinical outcomes of cCMV disease and awareness of 
strategies to reduce the risk of transmission. In line with previous 

research, pre- course confidence was low, with most midwives not 
providing CMV advice to women in their care.19,20,24

The midwives involved in this study reported they were 
aware of the importance of their role in informing pregnant 
women about CMV, as evidenced by high baseline scores for 
Module 5. Specific barriers to providing advice have been iden-
tified by maternity health professionals in Australia and include 
a (previous) lack of clinical guidelines to guide practice, a (pre-
vious) lack of educational resources for parents, lack of knowl-
edge, concern that CMV advice could make parents anxious and 
the incorrect belief that cCMV infection is rare, with prevention 
impossible.20 By addressing each of these items in turn within 
the eLearning course it was possible to significantly improve 
CMV knowledge, participant confidence and the proportion of 
midwives providing CMV advice to women. This mirrors previ-
ous research which identified that the best- informed maternity 
health professionals counsel women on CMV hygiene precau-
tions most frequently.25 Supporting midwives to feel confident 
in sharing CMV risk reduction strategies is important as mid-
wives are a trusted source of information for pregnant women12 
and are well placed to share information regarding cCMV in the 
same way they do for less common congenital infections (eg 
listeria and toxoplasmosis) and other important healthy preg-
nancy behaviours, such as avoiding smoking and alcohol.16,26,27

The use of an eLearning format had a number of advantages. 
Compared with face- to- face teaching, an online format enhanced 
national reach, including those living in rural and remote areas, 
and ensured consistency of content. It also provided flexible, self- 
paced learning. By embedding videos within the course, partici-
pants learnt from topic experts and from families who had been 
impacted by cCMV. Launched in March 2020, at the beginning 
of the first wave of COVID- 19 and the subsequent lockdowns in 
many Australian states, the eLearning format was an accessible 
and inexpensive option for delivering CMV education. eLearning 
is becoming more popular, and emerging research suggests this 
format is as effective as traditional learning approaches and ac-
ceptable to maternity health professionals.28–30

The main limitation of this study was the loss of participants 
to follow- up at T3. Despite our best efforts to encourage comple-
tion of all three questionnaires including reminder emails and 
the opportunity to enter a draw to win a gift voucher, the three- 
month follow- up numbers were 7.4% (27/363) of baseline partici-
pant numbers. This introduces a high risk of bias in T3 outcomes 
due to missing data. The use of mixed- effects models goes some 
way to mitigating this issue; the inclusion of a random intercept 
helps to account for baseline differences between dropouts and 
non- dropouts. To investigate this issue further we considered 
the effect of demographic features in the T3 group in the linear 
mixed- effects model. Practice type and location in the T3 group 
were comparable to the larger baseline group, and these factors 
had no- significant impact on the model. The T3 group had higher 
proportions of participants who had practised for >15  years 
and who had had previous cCMV education, and these had a 
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significant effect in the model. To control for any confounding 
effect of length of practice and previous cCMV education on the 
outcomes considered, these factors were included in the mixed- 
effects models used in the analyses.

A further limitation was that we did not explore what other strat-
egies could support implementation of the CMV prevention guide-
lines beyond this education piece, for example engaging dedicated 
implementation leaders. These leaders could identify hospital- 
specific enablers and barriers to implementation; location- specific 
solutions to these barriers; in- servicing solutions to support educa-
tion for new staff; mechanisms to ensure educational materials are 
readily available, and could complete auditing of whether pregnant 
women are given CMV prevention advice to measure implementa-
tion progress.26,31 New research is required to investigate whether 
these kinds of strategies would be useful for CMV prevention mes-
saging, and whether they lead to a reduction in cCMV infection.

This is the first CMV education course for midwives to be de-
veloped and evaluated in the Australian context. The evaluation 
of this freely available resource demonstrated engagement from 
midwives and midwifery students from across Australia, with par-
ticipation spread across metropolitan, rural and remote regions. 
To date more than 800 midwives have registered for this course 
which continues to be freely available through ACM. Building on 
this success, programs targeting other maternity health profes-
sional groups (eg obstetricians and general practitioners) and 
women planning pregnancy should be developed to support 
implementation of CMV prevention messaging. Freely accessible 

CMV educational resources and informed healthcare workers 
practicing according to national practice cCMV guidelines16,18 are 
strong foundations for reducing and preventing the neurodevel-
opmental disabilities associated with cCMV infection.
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Additional supporting information may be found online in the 
Supporting Information section at the end of the article.

Figure S1. Proportion of midwives who provided CMV advice in 
the last month.
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