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Background and objective
The Australian Government’s Living Evidence for 
Australian Pregnancy and Postnatal Care guideline 
recommend all pregnant women be informed about 
cytomegalovirus (CMV) infection risk-reduction strategies. 
The aim of this paper was to determine the effectiveness 
of the ‘Infections in Pregnancy‘ e-learning module in 
improving general practitioner (GP) knowledge, 
confidence in counselling and intended practice 
regarding CMV patient education.

Methods
This study used a pre-post quasi-experimental design. 
GPs undertaking the module in March to December 2023 
completed questionnaires before and after completing the 
module. An adjusted linear mixed effects model was used 
to evaluate change in scores. 

Results
Of 164 study participants, 94% had not previously 
received CMV prevention education. Total adjusted 
mean CMV knowledge scores and confidence in CMV 
counselling were significantly higher after completing 
the module (P<0.001). The proportion of GPs intending 
to counsel pregnant patients about CMV increased from 
24% to 97% after completing the module.

Discussion
Targeted e-learning can improve GP knowledge and 
confidence, and can support the implementation of the 
national congenital CMV risk-reduction guidelines.

CONGENITAL CYTOMEGALOVIRUS (CMV) is a major cause of life-long 
neurodevelopmental disabilities such as sensorineural hearing loss, 
epilepsy, learning difficulties and cerebral palsy.1–3 Although the prevalence 
of congenital CMV in Australia is not known, data from comparable 
high-income countries suggest that around one in 200 infants are born with 
congenital CMV, making it the most common congenital infection.2,4 Hygiene 
precautions, including avoiding contact with a child’s saliva or urine and 
handwashing after such exposure, reduce the risk of CMV in pregnancy and 
are acceptable to women.5–7 The Australian Government’s ‘Living Evidence 
for Australian Pregnancy and Postnatal Care’ guideline recommends advising 
‘all pregnant women about hygiene measures to help reduce the risk of 
cytomegalovirus infection’.8 This advice is in line with recommendations 
from both the Royal Australian and New Zealand College of Obstetricians and 
Gynaecologists, international consensus guidelines and a recently published 
evidence-based European guideline.9–11 Educating all pregnant women and 
those planning a pregnancy as early as possible and at each pregnancy is 
important, as a primary maternal infection in the first trimester of pregnancy 
holds the greatest risk of poor fetal outcomes.3

However, most pregnant women in Australia do not know about 
CMV or how to reduce their risk of infection in pregnancy.12 Maternity 
health professionals including general practitioners (GPs) have a pivotal role 
in providing preconception and early antenatal care, including education 
about preventive measures to reduce the risk of perinatal infections.13,14 
However, less than 20% of GPs feel confident giving advice about CMV, with 
a ‘lack of knowledge about CMV’ identified as a major barrier to providing 
patient education about reducing their risk of infection.15

Previous research by this author group has found that an e-learning course 
significantly improved midwives’ knowledge about CMV and confidence in 
providing antenatal counselling; however, to our knowledge, no studies to date 
have evaluated the impact of CMV education for GPs.16

The objectives of this study were to evaluate the effectiveness of 
the education module in improving GPs’ knowledge and confidence in 
CMV counselling and their intention to provide CMV prevention advice to 
pregnant women.

Educating antenatal patients about 
cytomegalovirus infection: An e-learning 
package improves general practitioners’ 
knowledge and intention to implement  
clinical guidelines
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Methods
The e-learning module content was 
developed, reviewed and piloted with 
support from an expert reference group, 
which included GPs, maternal fetal medicine 
specialists, paediatric infectious disease 
specialists, virologists and people with lived 
experience of CMV. Early feedback from 
GPs indicated that a stand-alone module 
on CMV would be too narrow in scope; 
therefore, education on another high-priority 
perinatal infection, congenital syphilis, was 
added. Only the results of the CMV education 
evaluation are presented here.

Participants accessed the free ‘Infections 
in Pregnancy’ module via the PraxhubTM  
health education platform.17 The module 
was accredited with The Royal Australian 
College of General Practitioners (RACGP) 
and The Australian College of Rural and 
Remote Medicine (ACCRM). The CMV 
component of the module included five 
lessons requiring approximately 30 minutes 
to complete (Figure 1). The module was 
advertised to GPs by PraxhubTM, social media, 
Primary Health Networks and shared-care 
GP networks.

GPs undertaking the module between 
March and December 2023 were invited 
to participate in an optional evaluation that 
included online questionnaires completed 
at three time points: timepoint 1 (T1) 
– before accessing the module content; 
timepoint 2 (T2)  – immediately after 
completing the module; and timepoint 3 (T3) 
–  eight weeks later. All questionnaires were 
designed in accordance with recommended 
methodology for questionnaire research.18 
A GP (NR), specialist maternal fetal 
medicine subspecialist (LH) and researchers 
with experience in adult education and 
participant-reported outcomes research 
(HSS, KS, LH) were involved in the 
questionnaire design. The questionnaire 
was piloted by three GPs for face validity 
and refined (eg amendments to question 
phrasing and reduced number of knowledge 
questions asked) prior to recruitment. 
The T1 questionnaire collected data 
on demographics, practice setting and 
previous CMV education. A combination of 
multiple-choice questions, Likert scales and 
space for limited free-text responses were 
used to assess CMV knowledge and current 
practice. The T2 and T3 questionnaires 

included knowledge, confidence and current 
practice questions as per T1, plus additional 
questions about access to CMV patient 
information resources and course content and 
format (Appendix 1, available online only).

All GPs participating in the evaluation of 
the e-learning module provided informed 
consent using an online information 
and consent form in REDCap (Research 
Electronic Data Capture) before being 
directed to the online questionnaire.19,20 
Survey responses were collected and 
managed in REDCap electronic data capture 
tools hosted at The University of Melbourne. 
Individual participant responses at T1, 
T2 and T3 were linked. Participants who 
completed the questionnaires were able to 

claim ‘Reviewing Performance Continuing 
Professional Development’ hours and were 
eligible to go into a draw to receive one of 
five $50 gift cards. Additional aggregated, 
de-identified summary data required for 
RACGP accreditation were provided by 
PraxhubTM and these were exempt from 
specific research consent.

Statistical analysis
Participant demographic data at each time 
point were analysed using descriptive 
statistics. The mean change in congenital 
CMV knowledge scores between the 
pre-course timepoint (T1) and: (1) the 
immediate post-course timepoint (T2); 
and (2) the eight-weeks’ post-course time 

A

Figure 1. (a) Congenital CMV e-learning content. (b) Congenital CMV hygiene precautions.
CMV, cytomegalovirus.

B
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point (T3) were estimated using a linear 
mixed effects model, with test scores as the 
response, timepoint as a fixed predictor and 
a random intercept for each participant to 
account for repeated measures. The Akaike 
information criteria were used to identify the 
preferred model that adjusted for previous 
CMV education, length of practice and 
metropolitan practice location, and this mode 
was used to calculate adjusted mean scores.

An ordinal regression model with a 
random intercept, controlling for prior CMV 
education, was used to investigate changes 
in participant responses to statements about 
confidence in counselling about CMV and 
inclusion of CMV counselling in routine care. 
Knowledge of where to access CMV patient 
resources at T2 and T3 were reported using 

descriptive statistics. A P value of <0.05 
was considered statistically significant. 
Statistical analyses were performed in 
R (www.r-project.org), using the packages 
lme4 and ordinal.

Free-text responses were examined with 
inductive content analysis to create categories 
that provided additional context for specific 
survey responses.

This study was approved by the Mercy 
Health human research ethics committee 
(HREC no. 2022-047).

Results
From March to December 2023, a total 
of 353 people registered to complete the 
e-learning module, and 169 (56%) consented 

to participate in the course evaluation. 
Characteristics of the study participants 
are presented in Table 1. Participants were 
geographically spread across all Australian 
states and territories and the majority (57%) 
had more than 10 years’ experience working 
as a GP. The majority (93%) of participants 
reported that they had not previously received 
CMV education (Table 1).

CMV knowledge and confidence 
in providing CMV counselling
Of the 169 participants who completed the 
evaluation questionnaire prior to starting the 
course (T1), 118 (69%) completed a second 
questionnaire immediately after finishing 
the course (T2) and 79 (47%) completed the 
eight-week post-course questionnaire (T3). 
Participants’ adjusted mean scores improved 
significantly between T1 and T2 (T1: 7.06, 
95% confidence interval [CI]: 6.80, 7.34; T2: 
9.41, 95% CI: 9.09, 9.74, P<0.001). Eight 
weeks after completing the course (T3), 
improvements in participants’ adjusted scores 
remained significant compared with those at  
T1 (T1: 7.06, 95% CI: 6.80, 7.34; T3: 9.06, 
95% CI: 8.68, 9.46; P<0.001) (Table 2).

Participant confidence in counselling 
about CMV was measured by participant 
response to the statement ‘I feel confident 
giving advice and answering questions about 
CMV’. The range of responses on a five-point 
Likert scale ranged from ‘Strongly agree’ 
to ‘Strongly disagree’. After adjusting for 
previous CMV education, we identified that 
the improvements in participant confidence 
observed between T1 and T2 and between 
T1 and T3 were both statistically significant 
(P<0.001) (Figure 2).

CMV counselling practice
Prior to the e-learning module (T1), 
24% of GPs agreed/strongly agreed with 
the statement ‘I routinely provide CMV 
information to pregnant women or those 
planning a pregnancy’. Reasons for not 
agreeing with this statement provided in the 
free-text field included limited knowledge 
about CMV, being unsure what information 
to share with patients and the misconception 
that CMV is uncommon.

After completing the e-learning module 
(T2), 97% of GPs agreed/strongly agreed 
with the statement ‘I intend to provide CMV 
information to pregnant women or those 

Table 1. Participant characteristics

Pre-course  
(T1) 

Post-course  
(T2)

8 weeks  
post-course (T3)

n=169 n=118 n=79

Role
Shared care GP

GP obstetrician

GP (non-shared care)

Registrar/other

Not stated

95 (56)

6 (4)

56 (33)

12 (8)

–

62 (53)

4 (3)

36 (31)

11 (9)

5 (4)

45 (57)

2 (3)

24 (30)

7 (9)

1 (1)

Previously received 
CMV education 
Yes

No

Not stated

11 (7)

158 (93)

–

5 (4)

108 (92)

5 (4)

5 (6)

73 (94)

–

Practice location
Metropolitan

Regional

Rural/Remote

Not stated

119 (70)

31 (18)

18 (11)

1 (1)

79 (71)

20 (18)

13 (12)

–

56 (71)

14 (18)

7 (9)

2 (3)

Years practising as a GP
GP Registrar

<5

5–9

10–14

≥15

Not stated 

6 (4)

36 (21)

30 (18)

24 (14)

72 (43)

1 (1)

4 (2)

25 (21)

21 (18)

17 (14)

45 (38)

6 (5)

3 (4)

19 (24)

13 (16)

12 (15)

30 (38)

2 (3)

Data are presented as n (%). – means zero.

CMV, cytomegalovirus; GP, general practitioner; T, timepoint.

https://www.r-project.org/
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planning a pregnancy’, with 83% continuing 
to agree/strongly agree with this statement 
eight weeks later (T3) (Figure 3).

At T3, one-third (35%) of GPs reported 
that they had counselled ‘almost all’ pregnant 
patients that they had seen in the last month 
about CMV, around one-third (32%) had 
counselled ‘about half ’ their patients, with 
the remainder indicating they had counselled 
‘less than 10% of their pregnant patients’. 

After completing the e-learning module 
(T2), 92% of participants indicated that they 
knew where to access CMV information 
resources to share with pregnant women; 
at T3, this remained high at 80%.

Feedback on the e-learning module
De-identified summary module feedback 
data collected by PraxhubTM for RACGP 
accreditation purposes indicated that 98.5% 

felt the e-learning module ‘entirely met’ 
their expectations in terms of content and 
delivery. Almost all GPs (97.5%) indicated 
that they would recommend the e-learning 
module to others.

Discussion
GPs have a key role to play in antenatal 
counselling about CMV.14 However, in this 
study, 93% of GPs reported that they had 
not previously received education on CMV 
infection in pregnancy, underlining the need 
for new and accessible education offerings. 
This study showed that an e-learning module, 
developed in partnership with GPs, clinical 
experts and people with lived experience, 
supported the implementation of the CMV 
clinical practice guidelines by significantly 
improving GP knowledge and confidence 
in this area. Importantly, immediately after 
completion of the e-learning module, almost 
all (97%) of the GPs in this study intended to 
routinely provide CMV education, compared 
with only 24% who were providing this advice 
before completing the module.

Clarity and consistency of messaging 
around CMV risk reduction within routine 
antenatal counselling is essential. Notably, 
the 2024  ‘Guidelines for preventive activities 
in general practice’ (ie the RACGP’s Red 
Book)21 does not include CMV education 
in the recommended content for the ‘First 
antenatal visit’. Interestingly, counselling 
around listeriosis and salmonella is 
included despite these infections impacting 
substantially fewer pregnant women and their 

Table 2. Participant response scores to CMV knowledge evaluation questions

T1
Pre-module  
(n=169)

T2
Post-module  
(n=118)

T1–T2
Mean change

T3
8 weeks post-module 
(n=79)

T1–T3
Mean change

Knowledge evaluation scores (maximum score=10)

Unadjusted scoreA 6.99 (2.25) 9.46 (0.91) +2.41 (0.38)

P<0.001

9.04 (1.76) +1.97 (0.44)

P<0.001

Adjusted scoreB 7.06 (6.80, 7.34) 9.41 (9.09, 9.74) +2.35 (1.98, 2.72)

P<0.001

9.06 (8.68, 9.46) +2.00 (1.58, 2.43)

P<0.001

AUnadjusted mean change from the random effects model which accounts for uneven dropout between timepoints. Data are presented as mean (SD).
BAdjusted measures accounting for previous CMV education, practice location and years’ experience. Data are presented as mean (95% CI).

CI, confidence interval; CMV, cytomegalovirus; SD, standard deviation; T, timepoint.

‘I feel confident giving advice and answering questions about CMV’

Figure 2. Participant confidence in providing cytomegalovirus (CMV) counselling before and after 
completing the e-learning module. T, timepoint.
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babies (around 10 cases per year).21,22 This 
is a missed opportunity as CMV is the most 
common congenital infection in Australia 
and maternal hygiene precautions need to be 
discussed early in pregnancy when the risk to 
the developing fetus is greatest.3

Strengths and limitations
The strengths of this study were the use of 
three timepoints in the analysis, allowing 
evaluation of changes in knowledge and 
motivation beyond immediate completion 
of the education module. The analyses also 
accounted for confounders and modifiers, by 
adjusting for prior CMV education and length 
of clinical practice in our model. The online 
delivery supported inclusion of GPs from across 
Australia and a variety of practice settings.

Limitations of this research included 
potential selection bias as not all GPs 
who registered for the e-learning module 
participated in the evaluation surveys and 
some participants were lost to follow-up over 
time. To address some of these issues, we 
used a mixed-effects model and included a 
random intercept to account for differences 
between those lost and not lost to follow-up. 
This research study was not designed to 
identify the barriers and enablers impacting 
GPs’ antenatal counselling about CMV; 

however, we are exploring this important 
issue in a qualitative study.

Conclusion
Looking forward, there is now increasing 
attention on the role of routine CMV 
screening in pregnancy, especially given 
the effectiveness of maternal treatment 
with valaciclovir for the prevention of 
fetal infection after maternal primary 
infection.23,24 A European consensus group 
has recently recommended routine CMV 
serology for all women at the first antenatal 
visit, with follow-up testing in seronegative 
women to detect maternal primary infection 
in the first trimester.12 If this is adopted 
into Australian clinical practice, then GP 
knowledge of CMV will become an even 
more important part of the first antenatal 
visit. Ensuring the timely update of general 
practice guidelines such as the RACGP’s 
‘Red Book’ and promoting greater knowledge 
about CMV risk reduction through flexible 
resources such as this e-learning module will 
be important steps in preparing GPs for these 
anticipated changes in practice.

The ‘Infections in pregnancy’ e-learning 
module significantly improved GP 
knowledge and confidence in providing CMV 
education for pregnant patients and those 

planning a pregnancy. After completing the 
module, almost all GPs planned to routinely 
provide risk-reduction advice about CMV to 
their patients. Ongoing work to understand 
the barriers and enablers to implementing 
national guidelines is currently underway 
and will inform future policy measures.
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Figure 3. Participant responses to statements about sharing information about 
cytomegalovirus (CMV). T, timepoint.
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