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INTRODUCTION 

Perinatal infections with cytomegalovirus (CMV), 

toxoplasmosis and listeria are often asymptomatic or result 

in non-specific symptoms in the pregnant women, but can 

result in devastating consequences in the fetus, and can 

have lifetime burden on the affected family.  

CMV is the most common congenital infection 

internationally and the leading non-hereditary cause of 

congenital hearing loss.1 It spreads via direct contact with 

bodily fluids such as saliva and urine. CMV infection 

during pregnancy can result in hearing and vision loss, 

microcephaly, cerebral palsy and neurodevelopmental 

delay in the infant, with primary infections conferring the 

highest risk.2 The seroprevalence of CMV varies 

worldwide but is typically lower in developed compared to 
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ABSTRACT 

Background: Cytomegalovirus (CMV), toxoplasma and listeria infections during pregnancy can result in devastating 

consequences and lifetime burden on parents and child. No vaccines are available. Risk of acquiring infections may 

reduce with greater awareness of preventive measures that can be undertaken during pregnancy and periconceptional 

period. This is the first study in Singapore to evaluate the knowledge and awareness of perinatal infections. No public 

health campaigns were done about perinatal infections and they are not routinely included in prenatal discussion. The 

aim of this study is to understand knowledge and attitudes of pregnant women regarding perinatal infections to better 

direct preventive efforts. 
Methods: 400 pregnant respondents from two maternity outpatient units in Singapore completed the questionnaire. 

Univariate logistic regression analysis was performed to investigate relationship between knowledge levels and 

sociodemographic variables.  
Results: Awareness of CMV (17.5%), toxoplasmosis (25.2%) and listeria (24.3%) infections was very low. In addition, 

while women with young children (OR 1.02, 95% CI 0.58-1.77) and those in childcare-related occupations (OR 0.47, 

95% CI 0.16-1.13) are at higher risk of acquiring CMV during pregnancy, they were no better informed than respondents 

without these risk factors. Women aware of CMV remained poorly informed about risks and preventive methods with 

almost half being unable to identify risk-reducing measures. Knowledge of preventive measures against toxoplasma and 

listeria infections was higher but still incomplete. Only 52% of respondents received information about precautionary 

measures, although most (83.5%) indicated they would have liked to receive more information. 
Conclusions: Our findings highlight urgent need to improve educational efforts to increase awareness of these 

infections and preventive measures. 
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developing countries.3 The seroprevalence of CMV in 

Singapore has fallen from 87% in the 1990s to 71.7% in 

2022.4,5 

Toxoplasmosis is caused by the parasite Toxoplasmosis 

gondii (T. gondii). Maternal infection can occur after 

ingestion of T. gondii bradyzoites in undercooked, 

contaminated meat or T. gondii oocysts in cat litter or 

contaminated soil. As with CMV, adults infected with T. 

gondii are typically asymptomatic or have non-specific 

symptoms such as fever, malaise and lymphadenopathy.6 

Transplacental passage of the parasite can however result 

in congenital toxoplasmosis, which can lead to stillbirth, 

neonatal death and severe neurological illness.  

Listeriosis is a foodborne infection caused by the gram-

positive bacteria, Listeria monocytogenes. Common food 

sources include dairy products made from unpasteurized 

milk, deli, raw or undercooked meat and unwashed raw 

fruits and vegetables.7 Pregnant women are ten times more 

likely than healthy adults to contract listeriosis.8 While 

maternal infection typically results in fever or non-specific 

flu-like symptoms, fetal infection is serious and can result 

in spontaneous abortion, preterm labour, central nervous 

system involvement and stillbirth.6 

There are currently no vaccines available for these 

infections, and these infections can occur due to poor 

hygiene. Awareness of these perinatal infections and 

adoption of various food safety and hygiene 

recommendations can reduce the risk of infection in the 

preconception and pregnancy period.6,9,10 Prior studies 

have shown that education reduces the risk of infection, 

and that pregnant women are highly motivated to adopt 

risk-reducing behaviours.11,12 

Unfortunately, pregnant women appear to have poor 

knowledge and awareness of perinatal infections and 

receive little education about these infections from their 

obstetricians. For instance, only a minority of pregnant 

women are aware of CMV infections, and fewer than half 

of obstetricians routinely provide pregnant women with 

information about CMV and measures to prevent 

infection.13,14 

Data regarding knowledge and awareness of perinatal 

infections among pregnant women in Singapore is scarce. 

Our study was therefore conducted to evaluate the 

awareness and knowledge of important perinatal infections 

among pregnant women in Singapore.  

We decided to focus on CMV, listeria, and toxoplasmosis 

for three reasons: they can result in serious congenital 

infection, they are potentially preventable via food safety 

and hygiene measures, and awareness regarding these 

infections appears to be low. The information from our 

study will be useful for improving preconception and 

antenatal education strategies to reduce the risk of 

perinatal infections in pregnancy. This is the first study 

done in the local Singaporean population as there are no 

previous studies done in Singapore before and there are 

also no public health campaigns targeting on perinatal 

infections or routinely included in prenatal discussion. The 

aim of this study is to understand the knowledge and 

attitudes of pregnant women regarding perinatal infections 

in Singapore so as to better direct preventive efforts.  

METHODS 

Participants and study design 

This descriptive, cross-sectional study was conducted at 

the outpatient antenatal clinics in Singapore General 

Hospital and KK Women’s and Children’s Hospital in 

Singapore between the time period August 2022 to January 

2023. These two tertiary centres perform approximately 14 

000 deliveries each year. Pregnant women attending 

antenatal clinics between August 2022 to January 2023 at 

both sites were invited to participate, and those who agreed 

did so by completing an anonymous electronic survey on 

a secure online platform. Patients under 18 years of age 

and those with a language barrier were excluded. The 

study was exempted from review by the SingHealth 

Institutional Review Board.  

Questionnaire 

The questionnaire was designed by two senior 

obstetricians after group discussion and in reference to 

previously published studies on perinatal infections in 

pregnancy.12,13 It comprised a total of 18 questions. 

Question 1 pertained to awareness of antenatal infections 

and other antenatal conditions, as well as sources of 

information regarding these conditions. Questions 2-9 

related to essential knowledge regarding transmission 

risks, pregnancy complications and relevant precautionary 

measures. Question 10 was regarding attitudes towards 

receiving antenatal education on antenatal infections, and 

questions 11 to 19 were related to demographics, including 

risk factors for certain antenatal infections (questions 11 to 

18).  

Questions 4 to 9 were assigned a score of 1 for a correct 

response, 0 for a not sure response or a wrong response.  

The questionnaire was tested on a pilot group of 10 

participants for ease of use, clarity and comprehension, 

and the final version was created based on their feedback 

and comments. 

Statistical methods 

The pregnant patients’ characteristics and distribution of 

knowledge and attitudes were presented in frequencies and 

percentages. Univariate logistic regression analysis was 

performed to investigate the relationship between 

knowledge levels and various sociodemographic variables. 

Data analysis was performed using R version 4.2.1.14 A p 

value <0.05 was considered statistically significant. 
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RESULTS 

Participants 

A total of 400 pregnant women attending the antenatal 

clinics in Singapore General Hospital and KK Women’s 

and Children’s Hospital between August 2022 to January 

2023 were recruited for the study.  

The predominant age group was 31-40 years (245, 61.2%), 

and the majority experienced spontaneous pregnancies 

(369, 92.3%). Approximately one third (124, 31.0%) of 

respondents had children aged 3 and under, while 186 

(46.5%) worked in healthcare-related professions. The 

sociodemographic characteristics of the participants are 

summarized in Table 1. 

Table 1: Demographic characteristics of participants 

(n=400). 

Demographics Number (%) 

Age (years)  

<21  1 (0.3) 

21-30  148 (37.0) 

31-40  245 (61.2) 

>40  6 (1.5)  

Education level   

Primary or secondary 38 (9.5) 

Post-secondary 140 (35.0) 

Tertiary  222 (55.5) 

Citizenship status  

Singaporean/Singapore PR 373 (93.3) 

Foreigner 27 (6.7) 

Occupation  

Healthcare-related 186 (46.5) 

Childcare-related 51 (12.8); n=399 

Children aged 3 and under 

Yes 124 (31.0) 

No 276 (69.0) 

Method of conception  

Spontaneous 369 (92.2) 

IVF 31 (7.8) 

Trimester of pregnancy 

1st  118 (29.5) 

2nd  158 (39.5) 

3rd  124 (31.0) 

Denominators, N, that do not equal the sample sizes are due to 

missing data. If no denominator is given, all data were present 

Awareness of perinatal infections 

Of the 400 participants, only 101 (25.2%) had heard of 

toxoplasmosis, 97 (24.3%) of listeria and 70 (17.5%) of 

CMV. In contrast, larger proportions of patients were 

aware of human immunodeficiency virus (HIV) (349, 

87.3%), trisomy 21 (244, 61%) and autism (197, 49.3%). 

These results are summarized in Figure 1. 

 

Figure 1: Awareness of congenital infections. 

Knowledge regarding CMV  

Women employed in a healthcare-related job 

demonstrated a significantly higher awareness of CMV 

compared to those who were not (OR 4.23, 95% CI 2.41-

7.72, p<0.001). Notably, individuals not affiliated with 

either the healthcare or childcare sectors exhibited lower 

CMV awareness compared to those in one or both sectors 

(OR 0.35, 95% CI 0.19-0.61, p<0.001). No statistically 

significant differences in awareness of CMV were found 

when respondents were compared by age group, whether 

they worked in childcare-related jobs or whether they had 

young children aged 3 and younger (Table 2). 

Of those who had heard of CMV infection (n=70), 22 

(38.6%) did not know what it could cause in the fetus, 22 

(38.6%) were aware that it could lead to miscarriage or 

stillbirth, 19 (27.1%) knew that it could result in hearing 

loss, and 12 (17.1%) knew that it could lead to intellectual 

disability in the child (Figure 2). Only 5 (7.1%) could 

correctly answer all the questions related to the potential 

consequences of CMV infection during pregnancy.  

Regarding precautionary measures to reduce risks of CMV 

infection, 28 of women (40%) were not aware of any 

preventive measures. 22 (31.4%) women knew to avoid 

sharing a cup of water with a young child, 23 (32.9%) to 

avoid sharing utensils with a young child, and 33 (47.1%) 

to avoid kissing a young child on the mouth. Only 14 

women (20%) could correctly identify all the measures to 

avoid during pregnancy to reduce risks of CMV infection.  

Knowledge regarding Toxoplasmosis and Listeria  

Of the 97 respondents who had heard of Listeria, over a 

third (38, 39.2%) did not know about the risks of listeriosis 

to the fetus. Slightly over half (58, 59.8%) knew that it 

could result in miscarriage or stillbirth, while 7 (8.2%) 

were aware that it could result in intellectual disabilities. 

Similarly, of the 101 respondents who had heard of 

toxoplasmosis, a significant proportion (45, 44.5%) were 

not aware of the risks of toxoplasmosis infection to the 

fetus. 50 (49.5%) were aware that toxoplasmosis infection 

during pregnancy could result in miscarriage or stillbirth, 
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while 19 (18.8%) knew that it could result in intellectual 

disabilities (Figure 2). 

 

Figure 2: Knowledge of risks of Listeria and 

Toxoplasmosis infection in pregnancy. 

The majority of respondents who had heard of Listeria 

(n=97) knew to avoid unpasteurized soft cheese (83, 

85.6%), medium rare beef steaks (73, 75.3%) and raw 

spouts (53, 54.6%). However, few knew that soft-serve ice 

cream could be a potential source of Listeria (15, 15.5%). 

8 (8.2%) did not know of any preventative measures.  

For toxoplasmosis, approximately three quarters (74, 

73.3%) knew to avoid contact with cat faeces, but fewer 

were aware that food sources such as undercooked meat 

(40, 39.6%) and raw eggs (26, 25.7%) posed a risk, and 

that gardening (18, 17.8%) could increase exposure via 

contact with contaminated soil. 13 (12.9%) of women were 

not aware of methods to prevent toxoplasmosis. 

Attitudes of pregnant women regarding perinatal 

infections 

Only slightly above half (208/400, 52%) of respondents 

had received information about precautionary measures to 

lower the risk of perinatal infections during pregnancy. 

This information came from obstetricians in 106/400 

(26.5%), online pregnancy-related resources in 70/400 

(17.5%) and family and friends in 18/400 (4.5%).  

The majority of participants (334, 83.5%) indicated that 

they would have liked to receive more information about 

potential perinatal infections during their antenatal visits. 

Individuals with tertiary education exhibited greater 

interest in acquiring receiving antenatal education versus 

those with primary or secondary education (OR 3.82, 95% 

CI 1.57-8.92, p=0.002). Individuals who were more 

advanced in gestational age were less interested in 

receiving information compared to those still in their first 

trimester (2nd trimester OR 0.46, 95% CI 0.21-0.93, 

p=0.038; 3rd trimester OR 0.39, 95% CI 0.18-0.81, 

p=0.014) (Table 3).

Table 2: Sociodemographic characteristics of participants regarding knowledge of CMV. 

Demographics 
Knowledge of CMV (%) Univariate logistic regression 

All, n=400  No, n=330  Yes, n=70  OR 95% CI P value 

Age (years)       

<21  1 (0.3) 1 (0.3) 0 (0.0) NA NA >0.9 

21-30 (reference) 148 (37.0) 125 (37.9) 23 (32.9) - - - 

31-40 245 (61.2) 199 (60.3) 46 (65.7) 1.26 0.73, 2.2  0.4 

>40  6 (1.5) 5 (1.5) 1 (1.4) 1.09 0.06, 7.16 >0.9 

Type of employment       

Healthcare-related (reference: non-

healthcare related) 
186 (46.5) 134 (40.6) 52 (74.3) 4.23 2.41, 7.72 <0.001 

Childcare-related (reference: non-

childcare related) 

51 (12.8); 

N=399 

46 (14.0); 

N=329  
5 (7.1) 0.47 0.16, 1.13 0.13 

Neither in healthcare nor childcare  

(reference: either in healthcare or 

childcare or both) 

183 (45.8) 165 (50.0) 18 (25.7) 0.35 0.19, 0.61 <0.001 

Children aged 3 and younger     

No (reference) 276 (69.0) 228 (69.1) 48 (68.6)  - - - 

Yes 124 (31.0) 102 (30.9) 22 (31.4) 1.02 0.58, 1.77 >0.9 
1OR: Odds ratio; OR >1 indicates a better understanding of CMV, whereas an OR <1 indicates a reduced knowledge of CMV in the patient 

group relative to the reference group; 2CI: confidence interval 

Table 3: Sociodemographic characteristics of participants’ interest in receiving information on perinatal infections. 

Demographics 
Interest in receiving more information (%) Univariate logistic regression 

All, n=400  No, n=66  Yes, n=334  OR 95% CI P value 

Age (years)       

<21 1 (0.3) 0 (0.0) 1 (0.3) NA NA >0.9 

21-30  148 (37.0) 28 (42.4) 120 (35.9) - - - 

49.5%

59.8%

38.6%
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8.2%

17.1%
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39.2%
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Continued. 
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Demographics 
Interest in receiving more information (%) Univariate logistic regression 

All, n=400  No, n=66  Yes, n=334  OR 95% CI P value 

31-40 245 (61.2) 35 (53.0) 210 (62.9) 1.40 0.81, 2.41 0.2 

>40 6 (1.5) 3 (4.5) 3 (0.9) 0.23 0.04, 1.32 0.084 

Education level       

Primary or secondary 38 (9.5) 10 (15.2) 28 (8.4) - - - 

Post-secondary 140 (35.0) 37 (56.1) 103 (30.8)  0.99 0.42, 2.1  >0.9 

Tertiary 222 (55.5) 19 (28.8) 203 (60.8) 3.82 1.57, 8.92 0.002 

Trimester       

1st (0-13 weeks) (reference) 118 (29.5) 11 (16.7) 107 (32.0) - - - 

2nd (14 to 26 weeks) 158 (39.5) 29 (43.9) 129 (38.6)  0.46 0.21, 0.93 0.038 

3rd (27 to 40 weeks)  124 (31.0) 26 (39.4) 98 (29.3) 0.39 0.18, 0.81 0.014 

Type of conception       

IVF (reference) 31 (7.8) 3 (4.5)  28 (8.4) - - - 

Spontaneous conception 369 (92.2) 63 (95.5) 306 (91.6) 0.52 0.12, 1.53 0.3 

DISCUSSION 

Our results highlight the overall low awareness of 

important perinatal infections amongst pregnant women in 

Singapore. Awareness of CMV was the lowest at 17.5% 

(70/400), followed by listeria (97, 24.3%), then 

toxoplasmosis (101, 25.3%). Interestingly, awareness of 

CMV does not appear to have improved since over a 

decade ago, when a local study reported that only 20% of 

respondents had heard of CMV.15  

Contact with preschool-aged children and working in a 

healthcare setting are known to be risk factors for CMV 

infection.16,17 We found that women working in a 

healthcare setting were significantly more likely to be 

aware of CMV infection than women who did not (OR 

4.23, 95% CI 2.41-7.72). Women who worked in childcare 

were however not more likely to be aware of CMV 

infection than women who did not (OR 0.47, 95% CI 0.16-

1.13), and neither were those who had young children 

compared to those who did not (OR 1.02, 95% CI 0.58-

1.77). This highlights two important groups of women to 

whom preventive education efforts may be directed to 

reduce the risk of seroconversion in pregnancy. 

The risk of transmission of CMV can be reduced via 

hygiene measures include handwashing after changing 

diapers or contact with a child’s saliva and nasal 

secretions, as well as avoiding sharing food, utensils or 

cups with a child and kissing on the lips.18 These measures 

should be taken in the high-risk period preconception and 

before 14 weeks of gestation.17 It was therefore concerning 

that almost half (28/70, 40%) of our respondents who had 

heard of CMV were not aware of any risk reducing 

measures.  

For listeria and toxoplasmosis, food safety measures 

include keeping raw meat and poultry separate from ready 

to eat food, thorough cooking of raw meat and seafood and 

avoiding raw sprouts, cold deli meats, soft cheese and 

unpasteurized milk.19 Pregnant women should also avoid 

direct contact with cat litter and wear gloves and practice 

hand hygiene after contact with soil as they can be 

contaminated with Toxoplasma gondii parasites. In our 

study, we found that while respondents knew of some 

preventive measures, this knowledge was incomplete with 

a significant proportion being unaware of important risk 

factors such as raw sprouts (53, 54.6%) and soft-serve ice 

cream for Listeria (15, 15.5%), and raw eggs (26, 25.7%) 

and contaminated soil (18, 17.8%) for Toxoplasma.  

Hygiene measures are effective for primary prevention of 

listeria and toxoplasmosis during pregnancy, though few 

healthcare providers discuss these with pregnant 

patients.20-22 Various guidelines also recommend 

education on hygiene measures before conception and 

during pregnancy as primary prevention against CMV, and 

education appears to be effective in reducing the risk of 

seroconversion and congenital CMV infection.10,11,23-25  

 However, only slightly over one quarter (106, 26.5%) of 

our cohort had received information about perinatal 

infections from their obstetricians. While this was higher 

than the percentage reported in previous studies from 

Switzerland and Barcelona, there is still room for 

improvement.14,15 

Some possible reasons why obstetricians do not counsel 

patients may include lack of knowledge and not wanting 

to cause anxiety in their patients.26,27 However, women in 

our study and others appear to welcome these educational 

measures and studies have shown that parents of children 

with congenital CMV were frustrated about their lack of 

knowledge about CMV during pregnancy and not having 

the chance to take preventive action.13,15,28  

Educational efforts on preventive measures against 

perinatal infections, particularly for the less commonly 

known sources of infection, are therefore likely to be 

useful to enable pregnant women to take the necessary 

precautions. This may take the form of individual 

discussions with patients during preconception and 

antenatal visits, educational messaging via written or 

electronic media, and larger public health campaigns.29 
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Finally, a proportion of women will still acquire infections 

during pregnancy despite education and taking hygiene 

and food safety measures. With new evidence showing the 

effectiveness of oral valacyclovir in reducing fetal CMV 

infection after maternal primary infection in the first 

trimester, universal CMV screening may be considered 

depending on local seroprevalence rates.30 Healthcare 

providers should also have a high index of suspicion for 

maternal listeriosis in pregnant women with fever, 

particularly those with elevated inflammatory markers and 

threatened preterm labour, and a low threshold to start 

empiric treatment.31 

Limitations 

Our study has some limitations. Self-selection bias and the 

fact that healthcare workers (186/400, 46.5%) made up a 

sizeable proportion of respondents to our survey could 

have led to an overestimation of knowledge and awareness 

levels.  

CONCLUSION 

This is the first study in Singapore to evaluate the 

knowledge and awareness of important perinatal infections 

amongst pregnant women. We found that awareness of 

CMV, toxoplasma and listeria infections was very low, 

with less than a quarter of women having heard of each of 

these pathogens. In addition, while women with young 

children and those in childcare-related occupations are at 

higher risk of acquiring CMV during pregnancy, we found 

that they were no better informed than respondents without 

these risk factors.  

Women who were aware of CMV remained poorly 

informed about the potential risks posed the virus and 

methods of preventing CMV infection, with almost half 

being unable to identify any risk reducing measure that 

could be taken. Knowledge of preventive measures against 

toxoplasma and listeria infections was higher than for 

CMV but still incomplete, with a significant proportion 

being unaware of important risk factors.  

Only slightly above half of respondents had received 

information about precautionary measures to lower the 

risk of perinatal infections during pregnancy, although 

most indicated that they would have liked to receive more 

information. 

Our findings highlight the fact that pregnant women are at 

risk of acquiring serious perinatal infections due to lack of 

awareness and education. Educational efforts need to be 

urgently improved to increase awareness and empower our 

patients for primary prevention against perinatal infections 

during pregnancy. 
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