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A B S T R A C T

Background: Awareness of Listeriosis and Methylmercury toxicity recommendations are associated with
decreased intake of high-risk foods. Whether awareness of the recommendations affect dietary quality of
pregnant women in Australian is unknown.
Aim: To evaluate awareness of Listeriosis and Methylmercury toxicity recommendations during
pregnancy and its impact on dietary quality.
Methods: Pregnant women (n = 81) were recruited from antenatal clinics. Awareness of Listeriosis and
Methylmercury toxicity recommendations and high-risk foods consumption were assessed via
questionnaire at 10–23 weeks gestation. Diet quality was measured using the 2005 Healthy Eating
Index using a validated food frequency questionnaire at 10–23 and 34–36 weeks gestation.
Findings: A higher proportion of women were aware of Methylmercury toxicity compared with Listeriosis
recommendations (75.3 vs. 59.2%, p < 0.001). The proportion of women who decreased or avoided
consumption of certain high-risk Listeriosis foods were higher in those who were aware compared with those
who were unaware of Listeriosis recommendations [raw fish (96.0 vs 69.2%, p = 0.046), soft-serve ice cream
(93.9 vs 58.3%, p = 0.004) and alfalfa/bean sprouts (68.7 vs 28.5%, p = 0.006)]. A large proportion of women
(96.8%) met recommendations for limiting consumption of high Methylmercury fish. There was no difference
in the change in dietary quality over pregnancy regardless of women’s awareness of the recommendations.
Discussion and conclusions: AwarenessofListeriosisandMethylmercurytoxicity recommendationshaslittle
impact on dietary quality of pregnant women in this small study. Further research in a large representative
population of pregnant women is needed to confirm our findings and to optimise dietary quality during
pregnancy.

© 2018 Australian College of Midwives. Published by Elsevier Ltd. All rights reserved.

Statement of significance

Problem or issue

A nutritionally adequate diet during pregnancy is crucial for

optimising maternal and infant health. This includes

minimising the intake of foods conferring a higher risk of

Listeriosis and Methylmercury toxicity.

What is already known

Some, but limited, evidence suggests an association

between a decreased intake of foods with high Listeriosis

and Methylmercury toxicity risks and poorer nutritional

intake during pregnancy.

What this paper adds
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some high-risk Listeriosis foods. However, awareness of

Listeriosis and Methylmercury toxicity was not related to

changes in dietary quality over pregnancy.

1. Introduction

A nutritionally adequate diet during pregnancy is paramount
for a woman’s health and for the growth and development of her
baby. While there are specific public health recommendations for
healthy eating for the general population and during pregnancy,1–
3 many pregnant women do not consume an optimal diet.4,5 In
addition to the need to ensure nutritional adequacy to optimise
maternal and infant outcomes, pregnant women are also at risk of
Listeriosis and Methylmercury toxicity through dietary sources.6,7

Pregnancy compromises immunity and therefore increases
susceptibility to Listeriosis, a food borne disease with serious
complications including fetal death.8 Methylmercury toxicity can
result from Methylmercury penetrating the placental barrier and
induce central nervous system damage.9 In the United States (US)
75,000 babies annually are estimated to be at an increased risk of
adverse effects potentially associated with in utero Methylmer-
cury exposure.10 Although Listeriosis and acute Methylmercury
toxicity are rare, the potential implications are serious and
adverse effects are possible at even moderate in utero exposure
levels.11

Government organisations such as Food Standards Australia
and New Zealand (FSANZ) and the National Health and Medical
Research Council (NHMRC) within Australia provide further
dietary recommendations to minimise Listeriosis and Methylmer-
cury toxicity risks during pregnancy1,8 (Supplemental Table S1).
These recommendation are broadly consistent with dietary
recommendations to minimise Listeriosis and Methylmercury
toxicity risks during pregnancy from other countries.12–14 Recom-
mendations to reduce the risk of Listeriosis include avoiding
consumption of High Risk Listeriosis (HRL) food and substitute HRL
foods with nutritionally-dense low risk foods.1,3,8,15 Recommen-
dations to avoid Methylmercury toxicity centre on limiting
consumption of higher Methylmercury fish species1,16 and to
replace high Methylmercury fish with other fish or seafood1,3,16,17

which allows pregnant women to meet their intake of key
nutrients including calcium, protein,16 long chain omega-3
polyunsaturated fatty acids (n3-LC PUFA) and iodine.16

However, concerns have been raised that these recommen-
dations may overly focus on avoiding the consumption of high-
risk foods rather than providing safer alternatives.6,7,18 This has
resulted in confusion regarding appropriate food choices among
pregnant women in Australia6,7,19 and the US18 which may affect
their dietary quality.6,7 Concerns have also been raised regarding
the adequacy of advice pregnant women receive in Australia20

with research reporting only a small proportion of pregnant
women receive advice relating to Listeriosis21 and Methylmer-
cury toxicity recommendations at routine health care visits.22 As
a result, pregnant women may seek advice from other sources,
such as the internet, family and friends.23 The sources of
information for Listeriosis and Methylmercury toxicity informa-
tion utilized should be also investigated as this may affect
awareness of appropriate Listeriosis and Methylmercury toxicity
recommendation.18

The aims of this study were: (1) to determine women’s
awareness of the pregnancy specific recommendations regarding
Listeriosis and Methylmercury toxicity; (2) to examine the
relationship between women’s awareness of dietary recommen-
dations regarding consumption of high-risk Listeriosis and
Methylmercury toxicity foods, and dietary intake and quality.
2. Methods

2.1. Participants and recruitment

Pregnant women were recruited from two major metropolitan
maternity hospitals within Adelaide, South Australia (Women’s
and Children’s Hospital and Flinders Medical Centre) between
May 2015 and March 2016. Inclusion criteria were a body mass
index (BMI) � 18.5 kg/m2 and singleton pregnancy between 10–23
weeks’ gestation and exclusion criteria were multiple pregnancy
or type 1 or 2 diabetes. Eligible women who declined participat-
ing in two clinical trials at the time of recruitment, primarily
because women did not want the study intervention or have the
time to commit to a more intensive study, were invited to
participate in the current survey. The Women’s and Children’s
Human Research Ethics Committee and the Southern Adelaide
Clinical Human Research Ethics Committee reviewed and
approved the study. All participants provided written informed
consent.

2.2. Assessment of awareness of pregnancy specific dietary
recommendations including Listeriosis and Methylmercury toxicity

A questionnaire assessing women’s awareness of pregnancy
specific dietary recommendations and their dietary practice was
developed based on literature review and the recommendations
from the NHMRC and the FSANZ.1,8 The questionnaire consisted of
dietary and nutritional knowledge and practice in five areas:

1) General health and dietary practice (whether followed a special
diet) during this pregnancy.

2) Knowledge of pregnancy complications associated with Listeri-
osis and Methylmercury toxicity.

3) Food safety and food handling practices.
4) Awareness of pregnancy specific diet and nutrition recom-

mendations listed in six categories: Listeriosis, food safety, safe
fish consumption, dietary intake/nutrition, n3-LC PUFA and
dietary supplements including multivitamins. Women were
asked if they knew (Yes/No) which of the six categories had
specific recommendations for pregnancy set by health authori-
ties, and their sources of the information regarding these
recommendations.

5) Intake of HLR food and high Methylmercury fish before and
during the pregnancy. HRL foods and safer alternatives were
classified based on FSANZ recommendations (Supplementary
Table S1).16 Women were asked if their consumption of HRL
foods and safer alternatives had changed since becoming
pregnant. Frequency of consumption was classified on a Likert
scale ranging from eating more, no change, eating less,
avoiding now or never consumed. Participants were also
asked to specify what type of fish or seafood they had
consumed during their pregnancy, specifically the name,
quantity and frequency of consumption. Fish intake was
calculated as number of serves per week of high Methylmer-
cury fish and safe alternative separately according to Austra-
lian FSANZ’s classification of high Methylmercury fish (see
Supplementary Table S1).16 The fish intake data were then
categorized into meeting or not meeting the Australian FSANZ
safe fish consumption guidelines.16

The questionnaire was piloted on 10 women including pregnant
(n = 4) and child-bearing aged women (n = 6) including staff in the
Discipline of Obstetrics and Gynaecology (n = 3). Minor changes to
wording were made to improve the readability of the questions.
Women were asked to complete the questionnaire at study entry
(between 10 and 23 weeks’ gestation).



Table 1
Participant characteristics at study entry.a

Demographics Participants Population data
(S.A 2013)28

Age (years) 32.4 � 10.5
Gestational age (weeks) 17.4 � 3.2 –

Body mass index category (kg/m2)
18.5–24.9 44 (54.4) 41.2%
25.0–29.9 22 (27.8) 25.3%
�30.0 13 (16.4) 12.6%

Marital status
Never married/widowed/divorced 5 (6.1) 10.1%
De facto/married 76 (93.8) 89.9%

Country of birth
Born in Australia 57 (68.6) –

Born overseas 24 (31.3)

Education
High school 11 (13.2) –

TAFE 25 (30.1)
University 47 (56.6)

Income
<$70,000 27 (33.3) –

�$70,000 51 (62.3)

Smoker 3 (3.70) 11.1%

Parity
Nulliparous 49 (60.4) 31.4%

Main health care practitioner
Midwife 54 (66.6) –

Obstetrician 9 (11.1)
General Practitioner 7 (8.6)
Other 7 (8.6)
Shared care 4 (4.9)

a Data are presented as mean � SD for continuous data and n (%) for categorical
data.
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2.3. Assessment of dietary intake and dietary quality

Dietary intake was assessed by self-completion of the Harvard
Semi-quantitative FFQ (The Willett Questionnaire), which contains
126 commonly consumed food items with standard portion size, at
study entry and at 34–36 weeks’ gestation. FoodWorks (Version 7
Professional; Xyris Software 2012) incorporating Australian food
comparison tables was used to analyse nutrient intakes from the
FFQ. Diet quality was measured using the 2005 HEI which assesses
dietary quality against population healthy eating recommenda-
tions.24 The HEI consists of 12 components (total fruit, vegetables,
legumes, grains and whole grains, milk, meat, beans, oils, saturated
fat, sodium and kilojoules from solid fats, alcoholic beverages and
added sugars)24 with a maximum total score of 100 and a score
>80 considered “good”, 50–80 “moderate” and <50 “poor”. Both
the FFQ and HEI are validated to use in pregnant women 5,25 and
the FFQ is validated for use at different time points across
pregnancy.26 Diet questionnaires were excluded if >10% of
responses were missing or if energy intake was unrealistic
(<4500 kJ or >20,000 kJ).27

Demographic details collected included parity, age, country of
birth, household income, highest education level, smoking and
marital status. BMI was calculated using height and weight
measured at the first antenatal appointment and categorised
according to World Health Organisation criteria of normal (�18.5–
24.9 kg/m2), overweight (�25.0–29.9 kg/m2) and obese (�30.0 kg/
m2). Information was collected on the women’s antenatal care,
their main health care provider and if they received nutrition
information from this health care provider.

2.4. Statistical analysis

Normality of data were assessed, with continuous variables
presented as mean � SD, and categorical variables as number and
percentage. Statistical significance was set at 0.05 (two-tailed). All
analyses were performed using SPSS [SPSS for Windows 14.0 (SPSS
Inc, Chicago, USA)] and/or Stata v14 (Stata Corp, Texas, USA).
Difference in participant characteristics between women who
were aware or unaware of Listeriosis and Methylmercury toxicity
recommendations were analysed using unpaired t-tests for
continuous variables and chi-squared tests for categorical varia-
bles. The relationship between awareness of Listeriosis or
Methylmercury toxicity recommendations and (a) decreased
consumption of high risk foods, and/or (b) maintained or increased
consumption of safer alternatives were assessed using logistic
regression. The relationship between awareness of recommenda-
tions and changes in diet quality in pregnancy was assessed using
linear regression models, with a Generalised Estimating Equation
to account for repeated measures, and using a time-by-awareness
interaction term to test for differences between groups (aware
versus unaware) in dietary change between baseline and 36 weeks.
Separate estimates for differences between baseline and 36 weeks
were derived for women aware or unaware of recommendations.
Additional models for awareness of Listeriosis recommendations
and dietary change were adjusted for country of birth as this
differed between awareness categories at baseline.

3. Results

3.1. Participant characteristics

Of the 160 eligible women approached, 86 women consented to
participate, 81 (94%) completed data collection at baseline and 63
(73%) completed data collection at the end of the study
(Supplemental Fig. 1). Baseline characteristics of women are
presented in Table 1. The mean age of women was 32 years and
mean gestational age was 17 weeks at study entry. Over half of
women had a BMI within the normal range. Age, BMI and marital
status were comparable with state-wide population data (Table 1).

There were no differences with regards to baseline character-
istics of weight, smoking and education between women who were
aware of Listeriosis or Methylmercury toxicity recommendations
and those who were unaware of the recommendations. Women
who were aware of Listeriosis recommendations were more likely
to be born in Australia compared with those who were unaware
(p = 0.002) but there was no difference in the country of birth in
relation to awareness of Methylmercury toxicity recommendation.

3.2. Awareness of Listeriosis And Methylmercury toxicity public health
recommendations

Women’s awareness of pregnancy specific nutrition and food
safety recommendations set by health authorities are presented in
Supplemental Fig. 2. The level of awareness was significantly
different across the nutrition categories (p < 0.001). Most women
were aware of food safety (n = 67 [82.7%]), while least were aware
of n3-LC PUFA recommendations (n = 34 [41.9%]). A higher
proportion of women were aware of Methylmercury toxicity
(n = 61 [75.3%]) compared with Listeriosis recommendations
(n = 48 [59.2%]).

A midwife was the main health care provider for a majority of
women (n = 54 [66.6%]) during their pregnancy. Over half received
nutritional resources from their main health care provider [n = 43
(53.0%)] which was usually a pamphlet produced by their specific
hospital on healthy eating (n = 22 [27.0%]), verbal information on
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specific diets (n = 15 [18.5%]), or food to avoid (n = 9 [11.1%]). Only
one woman received information specifically about Listeriosis and
another specifically about Methylmercury toxicity from their main
health care provider.

The sources women used to gather information regarding
dietary recommendations are presented in Supplemental Table S2.
Websites were the most frequent source of information regarding
food safety (n = 45 [55%]), n3-LC PUFA (n = 33 [40%]), nutrition
(n = 46 [56%]), Listeriosis (n = 35 [43%]) and Methylmercury toxicity
(n = 45 [55%]) recommendations. In contrast, information regard-
ing supplements (n = 52 [64%]) was most commonly obtained from
health care practitioners. Of all the websites, the largest proportion
of participants indicated that baby blogs were most commonly
used (n = 38 [38%]) (data not shown).

3.3. Awareness of Listeriosis and Methylmercury toxicity
recommendations and consumption of HRL food and high
Methylmercury fish

Dietary intake of HRL foods and safer alternatives according to
awareness of Listeriosis recommendations are presented in Table 2.
A greater proportion of women who were aware of Listeriosis
recommendations decreased or avoided consumption of raw fish
(p = 0.046), soft-serve ice cream (p = 0.004) and alfalfa/bean
sprouts (p = 0.006) in comparison to women who were unaware
of Listeriosis recommendations. There was no difference in the
proportion of women who increased or maintained consumption
of safer food alternatives between women who were aware or
unaware of recommendations.

There were no significant differences in the proportion of
women who increased or maintained consumption of cooked fish
and seafood for those who were aware compared to those who
were unaware of recommendations for Methylmercury toxicity
(n = 38/52 [73.0%] aware versus n = 10/17 [58.8%] unaware; OR 1.9,
95% CI 0.6, 5.9; p = 0.271). Regardless of awareness of Methylmer-
cury toxicity recommendations, almost all women (n = 80
[98.76%]) met recommendations for limiting consumption of high
Methylmercury fish during pregnancy.

3.4. Awareness of Listeriosis And Methylmercury toxicity
recommendations and dietary intake and quality

There were no differences in the change in mean diet quality
(HEI) score throughout pregnancy for women who were aware
(�1.1 95% CI �3.6, 1.2, p = 0.349) or unaware (1.1 95% CI �2.6, 4.9,
Table 2
Change in the intake of HRL Foods and safer alternatives by awareness of Listeriosis re

Aware (n = 48) 

HRL Foods (Eat less/avoid) 

Pre-packaged/pre-prepared salad 26/39 (66.6) 

Raw eggs 24/32 (75.0) 

Raw cheese 30/34 (88.2) 

Cold processed meat 29/35 (83.8) 

Raw fish 24/25 (96.0) 

Milk (non-pasteurized) 7/13 (53.8) 

Soft-serve ice cream 31/33 (93.9) 

Alfalfa/bean sprouts 22/32 (68.7) 

Safer alternatives for HRL Foods (Eat more/no change) 

Cooked eggs 41/47 (87.2) 

Cooked cheese 6/36 (16.6) 

Cooked processed meat 8/37 (21.6) 

Milk (pasteurized) 40/46 (86.9) 

Cooked fish and seafood 29/44 (65.91) 

HRL: High Risk Listeriosis; OR: odds ratio; CI: confidence interval.
a Data are presented as n (%).
p = 0.543) of Listeriosis recommendations (p = 0.307 for between
group difference). These findings were maintained on adjustment
for country of birth as this differed significantly according to the
women’s awareness of Listeriosis recommendations at baseline
(data not shown). There was a statistically significant difference in
the change in HEI score over pregnancy (p = 0.042) between
women who were aware of Methylmercury toxicity recommenda-
tion (�1.2 95% CI �3.6, 1.2, p = 0.337) and those who were unaware
(3.0 95% CI �0.2, 6.3, p = 0.069) of the recommendation. However,
there was no significant different in the HEI score between baseline
and 36 weeks’ gestation within each group.

4. Discussion

Our study is the first to investigate the relationship between
awareness of Listeriosis and Methylmercury toxicity recommen-
dations with dietary quality during pregnancy. We found that
awareness of the recommendations was associated with limited
consumption of HRL and high Methylmercury foods, but had little
impacts on pregnant women’s dietary quality.

Our finding that an awareness of Listeriosis recommendations
appears to influence consumption of HRL foods during pregnancy
is consistent with previous research.21,28 However, both our study
and prior research highlight that awareness of Listeriosis
recommendations does not appear to increase consumption of
safer food alternatives. This may be because Listeriosis recom-
mendations currently provide information predominantly on HRL
food avoidance6 which may contribute to women overly focussing
on this aspect of the recommendation. Although we did not
observe an association between awareness of listeriosis recom-
mendation and diet quality, further research in a large represen-
tative population sample is required to confirm our finding and to
ensure that adherence to food safety recommendations does not
lead to compromising dietary quality.

Awareness of the Listeriosis recommendation among women in
our study is comparable to a recent US study29 but was
significantly higher than previous research conducted in Australia
more than 10 years ago.6,21 This difference may be related to our
broader assessment of awareness through food avoidance and
knowledge of risks and benefits rather than specific assessment of
knowledge of government recommendations. It may also be due to
improved awareness of pregnant women in relation to Listeriosis
over the last decade in Australia. We reported here for the first time
that women who were aware of Listeriosis recommendations were
more likely to be born in Australia. Further research to explore the
commendations at study entry.a

Unaware (n = 33) OR (95% CI) P value

(Eat less/avoid)
12/27 (44.4) 2.5 (0.9, 6.8) 0.075
13/21 (62.9) 1.8 (0.5, 6.0) 0.313
12/18 (66.6) 3.7 (0.9, 15.6) 0.070
17/21 (80.9) 1.1 (0.2, 4.6) 0.857
9/13 (69.2) 10.6 (1.0, 108.6) 0.046
9/19 (47.3) 1.3 (0.3, 5.3) 0.719
14/24 (58.3) 11.0 (2.1, 57.3) 0.004
6/21 (28.5) 5.5 (1.6, 18.3) 0.006

(Eat more/no change)
28/31 (90.3) 0.7 (0.1, 3.1) 0.677
8/21 (38.1) 0.3 (0.0, 1.1) 0.076
10/25 (40.0) 0.4 (0.1, 1.2) 0.122
28/31 (90.3) 0.7 (0.1, 3.1) 0.653
19/25 (76.0) 0.6 (0.2, 1.8) 0.383
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reasons for this observation would provide useful information to
inform intervention strategies to target at risk population groups
to improve awareness.

We report a large proportion of women specifically limited
consumption of fish with high Methylmercury concentrations
aligned with population health recommendations regardless of
their awareness of Methylmercury toxicity recommendations. The
literature suggests that women may be confused between
balancing the risks of Methylmercury toxicity and the nutritional
benefits of consuming fish low in Methylmercury and may
therefore opt to consume either minimal or no fish during their
pregnancy.7,18,19,30 Overall there is a need to improve intake of fish
with low concentrations of Methylmercury among pregnant
women to maximise their dietary intake with regards to key
nutrients including protein and n3-LC PUFA, which is consistent
with previous research.7,18,30 Methylmercury toxicity recommen-
dations may therefore require review to minimise confusion
between risks and benefits of fish consumption during pregnancy.

Our finding that the most common source of information for
Listeriosis and Methylmercury toxicity for pregnant women is
consistent with prior research.21,22 An interesting finding here is
that baby blogs were commonly used to gain awareness for all
recommendations. A recent study reported the quality and
accuracy of dietary information provided by 48 websites was
overall inconsistent and inadequate.31 While there is no research
assessing the quality of baby blogs for dietary advice for pregnancy,
it is therefore possible that these may represent non evidence-
based sources. Both our findings and prior research reinforces that
the quality of information on websites should be assessed to
ensure pregnant women are receiving accurate dietary informa-
tion including those relating to Listeriosis and Methylmercury
toxicity recommendations.

We report here that information regarding supplements was
most commonly obtained from health care practitioners. This may
reflect the Australian NHMRC Clinical Practice Guidelines for
Antenatal Care which recommend that health care practitioners
advise women to take supplements, including folate to prevent
neural tube defects and iodine to reduce the risk of a negative
effect on the brain and nervous system of the unborn baby.32 These
are also consistent with the National Institute of Clinical Excellence
Maternal and Child nutrition guidelines which recommend health
practitioners advise women to take folic acid and vitamin D
supplements.33 However, these guidelines do not specifically
recommend health care practitioners advise women of Listeriosis
and Methylmercury toxicity recommendations.32 This is supported
by prior research reporting that the nutrition topics most
frequently discussed by health care practitioners with pregnant
women included iron deficiency, alcohol consumption and calcium
and folate supplementation.34 This is also consistent with only a
small proportion of pregnant women receiving advice regarding
Listeriosis and Methylmercury toxicity recommendations (n = 190
[19% and 27%] respectively) from their health care practitioner.22

Barriers including time pressures and level of expertise to provide
effective nutritional advice may also limit the extent of such advice
provision by health professionals.23,28 Expansion of antenatal
guidelines is thus warranted to include these recommendations. A
limitation of this study is the use of a convenience sample with
small sample size. Future work should increase generalisability
through assessment of a large representative population sample to
confirm our findings.

5. Conclusion

In this pilot study, awareness of both Listeriosis and Methyl-
mercury toxicity public health recommendations were associated
with limited consumption of the high risk foods but had little
impact on dietary quality during pregnancy. Studies with adequate
sample sizes are needed to confirm our findings. It is important for
health care practitioners to focus on counselling women with safer
alternatives for HRL foods. This should be complemented with
general nutrition recommendations to maximise antenatal dietary
quality. Strategies to modify Methylmercury toxicity public health
recommendations are needed to minimise the confusion between
risks and benefits of healthy fish intake among pregnant women. It
is therefore important to focus future clinical and public health
messages on the nutritional benefits of core food groups and
healthy fish consumption during pregnancy and the practical ways
this can be achieved.
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