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58
59 Clinical Standards Committee 
60 The International Society of Ultrasound in Obstetrics and Gynecology (ISUOG) is a scientific 
61 organization that encourages sound clinical practice, and teaching and research for 
62 diagnostic imaging in women’s healthcare. The ISUOG Clinical Standards Committee (CSC) 
63 has a remit to develop Practice Guidelines and Consensus Statements as educational 
64 recommendations that provide healthcare practitioners with a consensus-based approach, 
65 from experts, for diagnostic imaging. They are intended to reflect what is considered by 
66 ISUOG to be the best practice when they are issued. Although ISUOG has made every effort 
67 to ensure that guidelines are accurate when issued, neither the Society nor any of its 
68 employees or members accept any liability for the consequences of any inaccurate or 
69 misleading data, opinions or statements issued by the CSC. They are not intended to 
70 establish a legal standard of care because the interpretation of the evidence that underpins 
71 the guidelines may be influenced by individual circumstances and available resources.
72
73 Introduction
74 Ultrasound scanning plays a key role in the diagnosis and management of congenital 
75 infection. In some cases, the initial finding of abnormal ultrasound features may trigger 
76 maternal serological testing for these infections; in others, either infection screening or the 
77 mother’s symptomatology may lead to focused ultrasound scans aiming to detect potential 
78 fetal sequelae. Once congenital infection is diagnosed, ultrasound can be used to help 
79 determine the prognosis for the fetus and to guide further investigation and management. 
80 This paper will examine the role of ultrasound in the diagnosis and management of 
81 congenital infections.
82
83 Scope
84  Ultrasound signs suggestive of congenital infection
85  The prognostic value of ultrasound findings in congenital infections
86  Cytomegalovirus (CMV) 
87  Toxoplasma
88  Parvovirus B19
89  Rubella
90  Varicella-Zoster virus (VZV; chickenpox)
91  Zika virus
92
93 For each infection, we will cover the ultrasound signs, timing of infection in relation to the 
94 gestational age, diagnosis of maternal infection, diagnosis of fetal infection, and a brief 
95 outline of the management. This guideline does not address prevention or routine screening 
96 for congenital infections, as this can differ across countries. Therefore, clinicians should 
97 follow local guidelines on whether to offer screening or not, gestation at screening, method 
98 of screening, interpretation of the test and follow-up of those who are screen-positive or 
99 screen-negative.

100
101 Despite the fact that intrauterine herpes simplex virus (HSV) infection has been reported in 
102 the literature as case reports, it was not included in this guideline as the majority of 
103 neonatal HSV infections are acquired at birth as a consequence of direct fetal contact with 
104 the infected birth canal or through an ascending infection after premature rupture of the 
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105 amniotic membranes. Intrauterine transmission of HSV infection from mother to the fetus is 
106 rare; estimated to occur in only 5% of the cases secondary to hematogenous transplacental 
107 dissemination. 
108
109 Identification and assessment of the evidence
110 The Cochrane Library and Cochrane Register of Controlled Trials were searched for relevant 
111 randomized controlled trials, systematic reviews and meta-analyses. A search of Medline 
112 from 1966 to 2019 was also carried out. The date of the last search was 15th May 2019. 
113 Relevant conference proceedings and abstracts were also searched. Databases were 
114 searched using the relevant MeSH terms including all sub-headings. This was combined 
115 with a keyword search using ‘congenital, ‘infection, ‘pregnancy’, ‘ultrasound’, 
116 ‘cytomegalovirus’, ‘zika’, ‘toxoplasma’, ‘rubella’, ‘varicella-zoster virus’, ‘parvovirus’ and 
117 ‘abnormalities’. The National Library for Health and the National Guidelines Clearing House 
118 were also searched for relevant guidelines and reviews. Grey (unpublished) literature was 
119 identified through searching the websites of health technology assessment and health 
120 technology assessment-related agencies, clinical practice guideline collections and clinical 
121 trial registries. The search was limited to the English language. Where possible, 
122 recommendations are based on, and explicitly linked to, the evidence that supports them. 
123 Areas lacking evidence are annotated as ‘good practice points.’
124
125 Ultrasound Signs Suggestive of Congenital Infection
126 Table 1 illustrates the ultrasound signs suggestive of congenital infection. The presence of 
127 any of these ultrasound signs is not diagnostic of congenital infection, merely suggestive, but 
128 should trigger testing for CMV, toxoplasma, rubella, VZV and zika virus infection. In cases 
129 with fetal hydrops or anaemia, testing for parvovirus should also be included.
130
131 Pregnant women who present with a non-vesicular rash and/or other signs or symptoms 
132 suggestive of systemic viral infection should be offered testing for rubella and parvovirus 
133 B19. Women who present with a facial rash (suggestive of ‘slapped cheek’ syndrome) 
134 should be offered testing for parvovirus B19. Those with a history of potential exposure to 
135 toxoplasma and presenting with general malaise suggestive of systemic infection should be 
136 offered testing for this infection. Travel history of the woman or her partner to countries 
137 known to have zika virus transmission should trigger testing for zika virus. 
138
139 Congenital infections
140 If a fetus is infected, the earlier in gestation this happens, the more likely it is to be affected.  
141 The most common tests utilized for diagnosing these infections are enzyme-linked 
142 immunosorbent assay (ELISA) tests. Paired serology testing, ideally with one test from 
143 before the primary infection, is often helpful to diagnose and determine the timing of the 
144 infection in relation to the gestational age. The timing of appearance of virus-specific IgM 
145 and IgG antibodies between the first and the second samples is helpful to interpret the test 
146 results and diagnose and time the infection.  Antibody avidity testing can also be helpful in 
147 this regard; the longer the time since the initial infection, the greater the level of avidity.
148
149 Diagnosing infection in the fetus 
150 Once a maternal infection has been diagnosed by the appropriate serological testing 
151 (whether triggered by maternal symptoms, contact with another infected individual, or by the 
152 discovery of ultrasound abnormality), the possibility of fetal infection must be contemplated.  
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153 Definitive diagnosis of fetal infection is possible only by invasive testing, usually by obtaining 
154 amniotic fluid by amniocentesis, or occasional fetal cord blood sampling. As a rule, the 
155 amniotic fluid PCR testing will not be positive until 6 to 8 weeks after the initial maternal 
156 infection. Moreover, fetal urination is not well established until at least 18-20 weeks’ 
157 gestation, so amniocentesis is likely to be negative before then as the virus is not yet passed 
158 in urine in adequate concentrations. This means that amniocentesis should be delayed until 
159 after 18-20 weeks’ gestation and, ideally, more than 8 weeks after the initial maternal 
160 infection. There is retrospective evidence showing that the most significant risk factors for 
161 false-negative results are time interval <8 weeks and gestational age at amniocentesis <18 
162 weeks 1.   
163
164 It is important to note that the confirmation of fetal infection does not necessarily mean that 
165 the fetus will be affected by this pathogen. An infected fetus may never develop any 
166 structural abnormalities identifiable on ultrasound scan or postnatal imaging such as MRI 
167 scan. It is also important, however, to recognize that even fetuses that do not exhibit any 
168 imaging abnormalities may still suffer long-term sequelae, which may be difficult to predict. 
169 This should be considered in the long-term follow-up of such cases.
170
171

Cytomegalovirus 
Cytomegalovirus (CMV), a member of the human herpesvirus family, is the most common viral 
cause of congenital infection, affecting 0.2 – 2.2% of all live births 2–4.  It is the leading non-genetic 
cause of sensorineural hearing loss (SNHL) and a major cause of neurological disability. Around 
10-15% of neonates with congenital CMV will be symptomatic at birth, and up to 25% of children 
with congenital CMV infection have long-term impairments 5,6.

Epidemiology

CMV infection may be acquired for the first time during pregnancy (primary infection) or women 
may experience non-primary CMV infection, either by reactivation of prior CMV infection or by a 
new infection with a different strain of the virus. Antenatally, transmission of the virus to the fetus 
occurs via the placenta. Transmission is more likely following primary maternal infection in 
pregnancy than following non-primary infection 7. Infants born to mothers with primary infection 
have a risk of congenital infection of the order of 30-40%8.

Following non-primary CMV infection in pregnancy, the risk of congenital infection is in the order 
of 1-2% 4. The risk of congenital infection appears to vary according to the time during gestation at 
which primary infection occurs, increasing from around 30% in the first trimester to 47% in the 
third trimester 9,10. While the risk of viral transmission is lower in early pregnancy, the proportion of 
cases with a prenatal diagnosis of severe fetal infection is higher when infection occurs in the first 
compared with the third trimester of pregnancy 11,12. Correspondingly, the long term consequences 
for the fetus are higher, with recent evidence suggesting that long term sequelae occur only after 
first trimester infection.

The majority of women who acquire CMV infection for the first time (primary infection) will remain 
asymptomatic 13. However, a minority experience symptoms similar to those of infectious 
mononucleosis (glandular fever), including fever, malaise, myalgia, cervical lymphadenopathy 
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and, less commonly, hepatitis and pneumonia, but few suffer long-term sequelae. Just as with 
other herpes viruses, CMV can remain dormant lifelong at particular sites, primarily in the salivary 
glands, but the virus can be reactivated at any time, including during pregnancy.

What are the diagnostic criteria of maternal CMV infection?

Recommendations
 The diagnosis of primary CMV infection in pregnancy can be made by one of 

the following findings: (i) the appearance of CMV-specific IgG in a woman 
who was previously seronegative, or (ii) the detection of CMV IgM antibody 
with low IgG avidity.

 Non-primary maternal infection cannot be excluded using serological tests.

Grade: B

Grade: C

The clinical features of congenital CMV at birth include infants born small for gestational age, 
microcephaly, jaundice, petechiae or purpura, ‘blueberry muffin’ rash indicating extramedullary 
haematopoiesis, and hepatosplenomegaly. Since routine antenatal CMV screening does not meet 
several of the criteria for an effective screening test, not least the fact that until now there has 
been no effective treatment in pregnancy, routine prenatal screening is not recommended in most 
countries 14,15. Consequently, serological testing for CMV is offered only to women who have 
developed influenza-like symptoms, or symptoms of glandular fever (with negative test results for 
Epstein-Barr virus) or of hepatitis (with negative test results for hepatitis A, B and C) during 
pregnancy, or in whom routine ultrasound detects fetal abnormalities suggestive of possible CMV 
infection, such as ventriculomegaly, microcephaly, calcifications, intraventricular synechiae, 
intracranial hemorrhage, periventricular cysts, cerebellar hypoplasia, cortical abnormalities, 
echogenic bowel, small for gestational age, pericardial effusion, ascites or fetal hydrops 16,17. The 
frequency of fetal ultrasound abnormalities in cases with congenital CMV infection is shown in 
Table 2 16.

For other viral infections, such as rubella, the presence of IgM is often diagnostic of recent primary 
infection. However, this is not the case for CMV  18 for several reasons:
 IgM may persist for many months after the primary CMV infection
 IgM may be detected during a secondary infection
 There may be cross-reactivity with IgM due to another viral infection, e.g. Epstein-Barr virus
 IgM may be detected as a result of non-specific polyclonal stimulation of the immune system

Therefore, CMV-specific IgG testing should be performed in parallel with IgM testing, along with 
IgG avidity testing for seropositive women, to indicate the timing of the infection (i.e. before or 
during pregnancy). In general, a high avidity index (>60%) is highly suggestive of past (more than 
3 months) or secondary infection, while a low avidity index (<30%) is highly suggestive of a recent 
primary infection (i.e. within the past 3 months) 19.

Diagnosis of non-primary CMV infection can be difficult. A rise in IgG levels does not confirm 
secondary infection as this may be due to non-specific polyclonal stimulation of the immune 
system. In practice, therefore, the only way of confirming secondary CMV infection and 
transmission to the infant is by CMV PCR testing of amniotic fluid.

The diagnosis of primary CMV infection in pregnancy can be made by one of the following 
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findings:
1. The appearance of CMV-specific IgG in a woman who was previously seronegative.
2. The detection of CMV IgM antibody with low IgG avidity.

What are the diagnostic criteria of fetal CMV infection?

Recommendation
 Fetal infection should be diagnosed by PCR detection of CMV DNA in the 

amniotic fluid. Amniocentesis should be delayed until at least 8 weeks after 
maternal infection and after 20 gestational weeks

 The most significant risk factors for false-negative results are time interval 
between infection and amniocentesis <8 weeks and gestational age at 
amniocentesis <17 weeks

Grade: B

Grade:C

The diagnosis of fetal infection is made by identification of the virus or viral genome (DNA) in the 
amniotic fluid following amniocentesis using PCR. The timing of amniocentesis is very important; 
the appearance of the virus in the amniotic fluid is dependent on the delay of the virus in crossing 
the placenta and on the excretion of the virus in fetal urine. It should be performed, therefore, at 
least 8 weeks after maternal infection and after 20 weeks of gestation1,20–22, when fetal urination is 
well-established. There is retrospective data showing that the sensitivity of amniotic fluid PCR 
may be similar at 17 or 20 weeks, provided that there is a time interval of at least eight weeks 
between maternal infection and amniocentesis. The two most significant risk factors for a false 
negative result are time anterval <8 weeks and amniocentesis before 17 weeks 1.

What are the prenatal prognostic indicators in congenital CMV infection?

Following prenatal diagnosis of fetal CMV infection, the main aim is to predict the risk of 
symptomatic neonatal infection. In the medical literature, the risk of a ‘poor outcome’ as assessed 
prenatally is probably over-estimated. This is because ‘poor outcome’ is usually defined as a 
combination of those fetuses undergoing termination in whom post-mortem examination confirms 
significant signs of CMV infection together with infants born with symptomatic congenital CMV 
infection. However, finding at post-mortem examination features of CMV, such as cytomegalic 
inclusions in the kidneys and isolated periventricular calcifications, is probably not associated with 
a high risk of symptomatic neonatal infection. Therefore, the estimates of poor outcome as 
defined in the literature should be viewed with a degree of caution. It is also important to point out 
that what is being predicted, often it is a symptomatic infant at birth or changes on brain MRI. 
However, we should acknowledge that late onset SNHL or less severe neurodevelopmental 
adverse sequale may become evident only later – thus highlighting the importance of pediatric 
and hearing follow-up of all infected infants.

Accurate prenatal prediction of poor prognosis for affected infants has proved challenging; 
estimates are based largely on three factors: 1. Timing of the infection; 2. Presence and type of 
fetal abnormalities; 3. Laboratory parameters. 

i. Gestational age at maternal infection

Page 8 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

Recommendations
 Women should be informed that an indicative likelihood of vertical transmission 

is 15% after primary maternal infection at the preconception period, 30% at 
the periconceptional period and first trimester, 35% at the second and 65% at 
the third trimester

 Women should be informed that, based on limited data, an indicative likelihood 
of severe symptoms at birth in an infected fetus is 70% after primary maternal 
infection in the periconceptional period, 20% after primary maternal infection 
in the first trimester, 5% in the second and probably negligible in the 
preconception period and third trimester.

Grade: C

Grade: C

It appears that in common with other viral infections, the risk of vertical transmission increases 
with gestation. The association between the timing of infection and severity of fetal/neonatal 
outcome is less well defined.

Although Stagno at el 11 did not find a difference in vertical transmission rates in any of the 
trimesters, more recent studies strongly suggest a higher rate of transmission with advancing 
gestational age. For example, one study 23 found a 75% rate of transmission following primary 
infection after 25 weeks’ gestation.  Bodeus at el 24 followed 123 women who developed a primary 
CMV infection during pregnancy. The overall rate of transmission in the study population was 
57.5%. They found a statistically significant difference in the rate of vertical transmission between 
the first trimester and the third trimester (36% versus 77.6%; p<0.001); the risk of transmission 
during the second trimester was 44.9%.  

Another study 25 assessed the risk of vertical transmission following primary maternal infection at 
the pre-conception stage (between 8 and 2 weeks before the start of the LMP), peri-conception 
(between 1 week before and 5 weeks after the LMP) and later in pregnancy (between 6 and 20 
weeks’ gestation, and between 20 and 38 weeks’ gestation). They found no cases of congenital 
infection in the pre-conception group while congenital infection occurred in 45% of cases in the 
peri-conception group.  When the primary infection occurred between 6 and 20 weeks’ gestation, 
the transmission rate was 30%, and between 20 and 38 weeks’ gestation it was 58%. Revello et 
al 21 found that 9% of neonates were CMV infected but had no clinical features at birth following 
pre-conceptional maternal infection and 31% in the peri-conception group, where a virological 
outcome was known. In another study, the same authors 26 found that following pre-conceptional 
infection (2-18 weeks before the LMP), 8% of the neonates examined at birth were CMV infected 
but had no clinical features at birth. A more recent study 27 examined peri-conceptional primary 
CMV infection and found a vertical transmission rate of 25%.

The association between the gestation of primary maternal CMV infection and neonatal outcome 
is less well defined mainly because, in the absence of a systematic antenatal serological 
screening program and given that 90% of primary infection is asymptomatic, the timing of 
maternal infection is often imprecise.  Nevertheless, there is growing evidence that, in common 
with other viral infections in pregnancy, infection earlier in pregnancy is associated with a greater 
risk of more severe harm to the fetus/neonate. Pass at el 12 identified neonates with congenital 
CMV infection, then retrospectively tested stored maternal serum collected during pregnancy. 
They tested these samples for IgG and IgM antibody levels and used the results to classify 
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primary maternal infection as first trimester (less than 13 weeks’ gestation) or later.  They found 
SNHL in 24% of the children in the first-trimester group, compared to 2.5% in the later group 
(relative risk [RR] 9.6). They found any CNS disability (hearing loss, mental handicap, cerebral 
palsy, seizures or chorio-retinitis) in 32% of first trimester cases compared with 15% in the later 
group (RR 2.2).  None of the late infection group had more than 1 disability whereas 12% of the 
first-trimester group did (p=0.04).

Liesnard at el 20 had similar findings. They dated the fetal infection based on amniotic fluid or fetal 
blood testing in 55 cases of congenital CMV from 237 pregnancies that underwent prenatal 
evaluation. They found that 26% of fetuses infected before 20 weeks of gestation had severe 
disease compared with only 6% of fetuses infected after 20 weeks.

Recent evidence from more than 350 pregnancies with maternal CMV seroconversion suggests 
that mostly first-trimester infection is likely to be associated with severe CMV infection 28,29.

ii. Presence of fetal abnormalities

Recommendations
 Women should be informed that normal brain findings on ultrasound and fetal 

MRI are associated with low risk of infant disability. However, this is not 
indicative of hearing outcomes.

 Women should be informed that ultrasound abnormalities can appear 12 
weeks or longer after maternal infection, therefore detailed ultrasound follow-
up for the remainder of the pregnancy is indicated

Grade: C

Grade: C

In the absence of a routine antenatal screening program for CMV, the most common 
circumstance in which CMV is diagnosed prenatally is following the discovery of an abnormal 
ultrasonographic finding suggestive of possible CMV infection at a routine ultrasound scan.  This 
will lead to serological testing of the mother and/or amniocentesis with PCR. As a result of this 
non-systematic mode of discovery, severe ultrasound abnormalities are described more often 
than subtle findings. Nevertheless, a retrospective study of women with maternal primary infection 
in the index pregnancy found that, once the diagnosis of fetal infection had been made by PCR 
confirmation of CMV in the amniotic fluid, ultrasound became more sensitive for the detection of 
more subtle abnormalities associated with the fetal infection 16.

Ultrasound findings can be categorized as fetal cranial, fetal extracranial, and placenta/amniotic 
fluid abnormality (Figure 1).  The ultrasonographic cranial features of CMV infection vary but 
include ventriculomegaly, microcephaly, calcifications, increased periventricular echogenicity or 
halo, periventricular pseudocysts, intraventricular synechiae, abnormalities of cortical 
development and of the cerebellum and posterior fossa, or cerebral hemorrhage 30 (Figure 1). 
Extracranial fetal abnormalities also vary but include splenomegaly, hepatomegaly, 
hyperechogenic bowel, isolated pleural or pericardial effusion, ascites, fetal hydrops and 
cardiomegaly.

It is important to be aware of the lag time between maternal infection and fetal infection, and then 
from fetal infection until the appearance of sonographically identifiable fetal abnormalities. The 
placenta appears to act as a reservoir for, and a barrier to, infection, explaining why not all 
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maternal primary infection (and maternal viremia) results in fetal infection. Some studies have 
observed a thickened placenta with a heterogeneous appearance and calcification, suggesting 
placentitis, before the appearance of fetal infection 31. The time interval between primary maternal 
infection and the appearance of fetal ultrasonographic abnormalities varies considerably in the 
cases reported in the literature. In a series of 189 cases of primary infection with known 
outcomes, this interval appeared to be around 12 weeks (following maternal infection at 14 weeks’ 
gestation) 22. However, longer intervals have been reported; Nigro et al. 32 described a case where 
primary maternal infection occurred at six weeks’ gestation, but the ultrasound abnormalities 
(intraventricular hemorrhage) did not appear until 20 weeks’ gestation. Another case report of 
infection in an HIV positive woman at six weeks’ gestation found that the ultrasound abnormalities 
were not apparent until as late as 36 weeks’ gestation. The implications of these findings for 
clinical practice are that, even if fetal infection occurs early in pregnancy, detailed ultrasound 
follow-up for the remainder of the pregnancy is indicated 33.

It appears that the main sonographic prognostic indicator is fetal cerebral abnormalities. In a small 
retrospective study, Farkas et al. found that if the antenatal ultrasound examination of the fetal 
brain was normal, then normal early neuropsychological outcome was likely 34.  Such conclusions 
led to the evaluation of fetal cerebral magnetic resonance imaging (MRI) for further assessment of 
the fetal brain. MRI using both T1 and T2 sequences can be used to help to define the timing and 
consequences of fetal infection. 

Ultrasound and MRI should be considered as complementary imaging modalities for the 
investigation of the fetal brain 35; when both are performed in the third trimester in a fetus known to 
be infected with CMV, they have a 95% sensitivity for the identification of related CNS lesions. 
When both ultrasound and MRI of the fetal brain are normal prenatally, the neonatal outcome is 
generally good, and the same may be true for a normal ultrasound with only subtle findings on 
MRI 36.  Similarly, a recent study found that subtle findings on prenatal MRI were associated with a 
favorable prognosis; MRI had a high negative predictive value for SNHL and neurological 
impairment, and that this was equally predictive at either 27 or 33 weeks of gestation 37.
The combined predictive value of a normal ultrasound and MRI evaluation to predict an 
asymptomatic neonate, in fetuses known to be infected with a positive amniocentesis and when 
imaging was performed up to the third trimester, after 30 weeks, is at best 95%. Fetal laboratory 
findings may bridge this 5% gap. It is important to point out that this is not indicative of hearing 
outcomes, i.e. normal antenetal ultrasound and MRI does not rule out the risk of hearing loss in 
these fetuses. 

iii. Laboratory parameters
Recommendations

 Although the median viral load in the amniotic fluid may be higher in 
symptomatic than in asymptomatic fetuses, its overlap between the two 
groups and its dependence on technical and temporal factors, reduce its 
prognostic value

 Although fetal blood markers such as platelet count, beta-2 microglobulin and 
CMV IgM have been associated with prognosis, the added value of fetal blood 
sampling in the prognostic workup of these women is not certain.

Grade:B

GPP

Several studies 38–40 have examined the relationship between the viral load in the amniotic fluid 
and the likelihood of the fetus being symptomatic. All of these studies found that the median viral 
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load was higher in the amniotic fluid of symptomatic fetuses than in that of asymptomatic fetuses; 
however, this difference was statistically significant in only one study 38. Furthermore, some 
fetuses with high amniotic fluid viral loads were born asymptomatic, while others with low amniotic 
fluid viral load had severe ultrasound abnormalities 39. Some of these differences may be 
explained by the methodology used or by the time interval between seroconversion and 
amniocentesis, as there is evidence that the amniotic fluid viral load changes with time elapsed 
since seroconversion 38,40.

Studies of CMV genotypes have not found a good correlation with the fetal outcome 39,41,42.

Prenatal fetal blood sampling has also been investigated for possible prognostic indicators, 
looking at both virus-specific markers as well as non-specific fetal blood parameters. It has been 
shown that the mean viral load in the blood of infected neonates is significantly higher in 
symptomatic neonates compared with asymptomatic ones (p=0.02), and this difference was more 
marked when considering only infants with severe symptomatic congenital CMV infection 43. 
However, there is significant overlap between symptomatic and asymptomatic neonates, so 
setting a discriminatory cut-off is not feasible 44.  Revello et al 45 found that antigenemia, viremia 
and DNA load were higher in the blood of neonates with ultrasound abnormalities compared to 
those without, but the difference was statistically significant only for antigenemia.

Several authors have investigated various non-specific neonatal blood parameters, including 
thrombocytopenia (platelet count <100,000/mm3), alanine aminotransferase (>80 IU/ml) and direct 
bilirubin (>4 mg/dl).  Rivera et al. 46 found that all of these were associated with symptoms at birth, 
with odds ratios of 2.4, 7.1 and 2.8, respectively. Another study pointed to the importance of 
thrombocytopenia; it found that among symptomatic CMV-infected neonates with a normal cranial 
computed tomographic (CT) scan, 56% had thrombocytopenia vs. 86% of those with an abnormal 
cranial CT 47. 

In summary, therefore, the literature suggests that the platelet count in a fetal blood sample is an 
independent prognostic indicator of neonatal outcome and in certain circumstances could justify 
the risk of fetal loss (in the order of 1-2%48) associated with fetal blood sampling. However, there 
are controversial views among clinicians, as some argue that 1-2% risk of fetal loss does not 
justify fetal blood sampling for the platelet count which does not give us sufficiently certain 
information upon which to base decisions. In general, fetal blood sampling may be considered of 
greatest value in the ‘intermediate’ prognostic group, i.e. in a fetus that has non-cerebral 
ultrasound abnormalities or in a pregnant woman who requires as much information as possible 
on prognosis to decide on her management options. At the time of prenatal diagnosis of 
congenital CMV infection, the negative predictive value using ultrasound findings for symptomatic 
infection at birth or termination of pregnancy is estimated to be 93% 49. The combined negative 
predictive values of ultrasound and viral load in the amniotic fluid and that of ultrasound and fetal 
blood parameters are 95% and 100%, respectively. In fetuses presenting with non-severe 
ultrasound features, the positive predictive values of ultrasound alone and in combination with 
amniotic fluid viral load or with fetal blood parameters are 60%, 78%, and 79%, respectively 49. 
This questions the additive value of the fetal blood markers obtained via cordocentesis above and 
beyond the amniotic fluid markers already obtained at the time of amniocentesis used for prenatal 
diagnosis 49.
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Overview of prognostic categorization and challenges

Overall, infected fetuses may be classified into one of three prognostic categories 50:

1. Asymptomatic fetuses: defined as those with no ultrasound abnormalities, normal cerebral 
MRI and normal biological parameters, in particular platelet count in fetal blood. The prognosis is 
generally good for these fetuses but with a residual risk of hearing loss.
2. Mild or moderately symptomatic fetuses: defined as those with isolated biological 
abnormalities (on fetal blood sampling), either without brain abnormalities on ultrasound or with 
isolated ultrasound abnormalities, such as hyperechogenic bowel, mild ventriculomegaly or 
isolated calcifications. In this group the prognosis is uncertain, and further follow-up (with 
ultrasound and possibly MRI) may help to refine the prognosis. Therapeutic options, such as 
antiviral therapy, are being evaluated, but their use is still limited to the research setting. The 
option of termination of pregnancy should also be discussed. 
3. Severely symptomatic fetuses: defined as those with severe cerebral ultrasound 
abnormalities (e.g. microcephaly, ventriculomegaly, white matter abnormalities and cavitations, 
intracerebral hemorrhage, delayed cortical development) associated with thrombocytopenia. The 
prognosis for this group is poor, and counseling regarding the option of termination of pregnancy 
should take place.

It can be seen, therefore, that even taking all of these factors into account, the accurate prenatal 
prognosis of fetal CMV infection is challenging. There is a need for new and better prognostic 
tests for fetuses with congenital CMV.  A recent study 51 performed peptidome analysis in the 
amniotic fluid of 13 symptomatic and 13 asymptomatic neonates, and found that a panel of 34 
peptides  had 89% sensitivity, 75% specificity and an area under the curve (AUC) of 0.90 to 
differentiate the nine severely symptomatic from the 12 asymptomatic neonates. This analysis 
may represent a useful prognostic indicator for the future 51.  

What is the recommended management of maternal and fetal CMV infection?

Recommendations
 Due to the lack of randomized controlled trials, high-dose valaciclovir for 

congenital CMV infection should only be given in the context of research 
 Based on the results of one randomized controlled trial, administration of 

CMV-specific hyperimmune globulin (HIG) for congenital CMV infection is not 
recommended as part of clinical care and should only be given in the context 
of research

GPP
Grade:B

The antenatal diagnosis of CMV infection is challenging, and options for prevention and treatment 
are limited. In general, the options for congenital CMV infection are either conservative 
management, in other words a continuation of the pregnancy with regular monitoring, or 
termination of pregnancy. More recently, medical therapies aimed at reducing the risk of 
transmission, and likelihood and/or severity of neonatal infection, have been investigated, 
including antiviral drugs and CMV hyperimmune globulin (HIG) 52–54.

Two studies have shown promise for the use of valaciclovir in pregnancies with CMV-infected 
fetuses, but a randomized controlled trial is needed to confirm whether this antiviral should be 
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recommended routinely to reduce the risk of symptomatic congenital CMV disease 52,53. High-dose 
valaciclovir was given for a median of 89 days to pregnant women carrying a moderately-infected 
fetus, presenting with non-severe ultrasound features (extracerebral ultrasound abnormalities 
and/or mild ultrasound brain abnormalities; see Table 3). Valaciclovir was associated with a 
significantly greater proportion of neonates born asymptomatic (82%) compared with a historical 
cohort (43%). This study also provided reassuring safety data for the use of valaciclovir in 
pregnancy: maternal clinical and laboratory tolerances to this high-dose regimen were excellent, 
and no adverse neonatal effects were observed.

Nigro et al. reported that CMV HIG therapy was associated with a significantly lower risk of 
congenital CMV infection, especially symptomatic infection 54. Recently, a prospective 
observational study has reported that, after a primary maternal CMV infection in the first trimester, 
biweekly HIG administration at a dose of 200IU/kg prevented maternal-fetal transmission up to 20 
weeks' gestation 55. Unfortunately, the potential efficacy of HIG was not borne out in a phase-II 
randomized, placebo-controlled, double-blind study 56. This study found no significant 
improvement in the risk of transmission, the levels of virus-specific antibodies, T-cell mediated 
immune response, viral DNA in the blood or clinical outcome at birth. Given these conflicting 
findings, HIG is currently not routinely recommended for the treatment of women with primary 
CMV infection in pregnancy. A trial assessing HIG in pregnancy was expected to finish in 2018 57. 
However, this study was stopped for futility. 

A proposal for the management of CMV fetal infection is presented in Figure 2.35 There is currently 
no licensed vaccine for CMV. An alternative strategy to reduce the risk of infection is behavior 
modification aimed at minimizing direct contact with saliva or urine of young children who may be 
excreting CMV in these fluids. Simple hygiene-based measures reduce the risk of CMV 
acquisition include avoiding sharing utensils, drinks or food with young children, not kissing young 
children directly on the lips and handwashing after contact with urine or saliva. 

Congenital CMV should be confirmed at birth following an antenatal diagnosis of maternal 
infection, even where a diagnosis of fetal infection has been made by invasive sampling. Infants 
should have a urine sample or saliva swab tested for CMV PCR as soon as possible after birth 
and it is important to collect samples within three weeks of birth to confirm congenital rather than 
postnatal acquisition of CMV. 

Toxoplasma
It is currently estimated that about 170 infants each year are born with congenital toxoplasmosis in 
the United States and has significantly fallen from what was reported before 1999 58. Similarly, the 
incidence in Europe has fallen in recent years due to improvements in levels of hygiene and 
increased knowledge and avoidance of foods and cat litter, particularly during pregnancy. 
Over the 5 years between 2008 and 2012, 33 cases of congenital toxoplasmosis were identified 
through enhanced surveillance in England and Wales 59. 

Toxoplasma gondii is a parasitic infection acquired by the ingestion of Toxoplasma tissue cysts 60. 
These cysts may be found in meat, so pregnant women should ensure that any meat they eat is 
cooked well and they should avoid processed meat. The infectious oocysts are secreted by cats 
and can contaminate soil, so pregnant women should ensure that salads/vegetables are 
thoroughly washed and should take care to wash their hands, particularly before they eat, when 
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they have handled cats 61.

In the UK, only 10% of women of childbearing age are immune to toxoplasma and the incidence 
of maternal infection is around 2-5 per 1000 62,63. The primary maternal infection is asymptomatic 
in around two-thirds of women; the remainder have a mild coryzal illness with malaise, low-grade 
fever, headache and lymphadenopathy.

The overall risk of congenital toxoplasmosis following maternal infection ranges from 20% to 50% 
without treatment 64,65. As with most viral infections in pregnancy, the risk of fetal infection 
increases with gestational age (less than 1% before 4 weeks, 4 to 15% at 13 weeks, greater than 
60% at 36 weeks) 64,66.  Again, however, the earlier the gestation of infection, the greater the risk 
that the fetus will be affected (Table 4) 64.

The main sequelae of congenital toxoplasma infection are in the central nervous system and 
eyes, typically microcephaly, hydrocephalus, ventriculomegaly and chorioretinitis 67,68. These may 
lead to developmental delay, epilepsy and blindness. Hepatosplenomegaly, anemia, rash, 
jaundice and pneumonitis may also occur 67,68. Even though most infected infants do not have 
clinical signs of infection at birth, up to 90% will develop sequelae later in life 69–71.

What are the diagnostic criteria of maternal toxoplasmosis infection?

Recommendations
 In case of positive or equivocal IgM with a negative IgG, a new specimen for 

IgM and IgG should be obtained within two weeks. If the results remain 
unchanged, the IgM result is probably a false positive

 In the case of equivocal result for one antibody and positive of the other, a 
new specimen should be obtained within two weeks. If the results remain 
unchanged, both specimens should be sent to a reference laboratory. 

 Women should be informed that a high IgG avidity result within the first 12-16 
weeks of pregnancy (depending on the kit used) essentially rules out maternal 
infection during the index pregnancy

 However, physicians should be aware that spiramycin treatment can delay 
maturation of IgG antibodies and therefore result in lower avidity titers than in 
untreated women.

 An experienced reference laboratory should be consulted in any case of 
inconclusive serology results.

Grade:C

GPP

Grade:C

Grade:B

GPP

As with most infections, diagnosis is based on testing of maternal serum for IgG and IgM, and 
avidity testing can be useful to help to determine the timing of infection (Health Protection Agency, 
2006). IgM is the first antibody to increase, reaching its highest level at about one month after 
infection and remaining relatively stable for about one more month before starting to decrease. 
IgG reaches its maximum level by about three months and, in the absence of treatment, only 
shows a mild decrease after this point 72. 

IgM testing may not be that helpful for timing the infection; it usually appears within two weeks of 
exposure but can persist for years 70,73. It is also notable that serologic assays for toxoplasmosis 
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are not well-standardized and have high rates of false-positive and false-negative test results 73,74. 
Therefore, the tests should be performed in an experienced reference toxoplasmosis laboratory in 
which specific confirmatory tests, such as the Sabin–Feldman dye test or indirect fluorescent 
antibody test, are performed 70,73–75. This is the case particularly for pregnant women with positive 
or equivocal IgM test results 75,76. IgG will normally be detectable two weeks after exposure; the 
change in level at repeated testing (usually after two weeks) may help to determine the timing of 
infection. 

The combination of negative IgM and negative IgG test results indicates either the absence of 
infection or a recent acute infection without enough time for seroconversion. The combination of 
negative IgM and positive IgG test results indicates remote infection and no risk of fetal 
transmission in an immunocompetent woman 73–75. The combination of positive IgM and positive 
IgG test results indicates that the pregnant mother has had either a recent infection or a false-
positive IgM result. If acute infection is a possibility, serologic testing should be repeated in 2–3 
weeks to look for an increase in IgG antibodies consistent with recent infection 73–75. Table 5 
demonstrates the interpretation of the results of serological tests for toxoplasmosis performed at 
clinical (non-reference) laboratories 76.

As with other viral infections, IgG avidity testing may be helpful  77; in general, high avidity is 
associated with primary infection occurring more than 4-5 months previously (depending on the 
test method used), while low avidity usually indicates infection within the previous 4-5 months 74,78–

80. However, in the case of toxoplasma, spiramycin treatment can delay the maturation of IgG 
antibodies 81, and avidity tends to be lower than expected in treated women 82,83.

The interpretation of toxoplasma test results may be challenging, and a specialist microbiologist 
should be consulted.

What are the diagnostic criteria of fetal toxoplasmosis infection?

Recommendations
 Fetal infection should be by detection of toxoplasma DNA in the amniotic 

fluid. Amniocentesis should be delayed at least four weeks after maternal 
infection and preformed after 18 gestational weeks

 Women should be informed that the sensitivity of current molecular methods 
in detecting Toxoplasma DNA in the amniotic fluid is up to 90%; false-
negative results can occur when the DNA concentration is low.  

Grade:B

Grade:B

Fetal infection can be diagnosed by identification of toxoplasma DNA (polymerase chain reaction) 
in the amniotic fluid (obtained by amniocentesis) 84. Again, this should be delayed until at least 
four weeks after maternal infection and should be performed after 18 weeks’ gestation, when fetal 
urine production is well established 76,85,86.
The sensitivity of amniocentesis using current PCR assays is up to 90% 87. The false-negative 
results can be attributed to low levels of Toxoplasma DNA in the amniotic fluid 87,88. However, 
these cases may have a better prognosis, as low titers of DNA were associated with less severe 
manifestations in the infant87,88.
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Ultrasound signs suggestive of fetal infection are commonly non-specific and include 
ventriculomegaly, intracranial bleeding, intracranial calcifications, microcephaly, ascites, 
hepatosplenomegaly, intrauterine growth restriction and hydrops (Figure 3 shows ultrasound/MRI 
images of affected fetuses). Limited evidence indicates that the combination of cerebral echogenic 
lesions and ventriculomegaly is associated with adverse prognosis (chorioretinitis with or without 
developmental delay) 89, whereas the prognosis of echogenic lesions with normal ventricles 
appears better (normal neurodevelopment in 4 of 5 cases) 90.

What is the recommended management of maternal and fetal toxoplasmosis 
infection?

Recommendations
 Spiramycin 1g tablet three times daily should be used for preventing vertical 

transmission after maternal toxoplasma infection during pregnancy
 Spiramycin treatment should be initiated within three weeks from maternal 

seroconversion
 If vertical transmission is confirmed, fetal infection should be treated by 

spiramycin only for one week, followed by pyrimethamine 50 mg once daily 
plus sulfadiazine 1 g three times a day plus folinic acid 50 mg weekly for one 
week

 The combination of pyrimethamine, sulfadiazine and folinic acid may be more 
effective than spiramycin in preventing vertical transmission, but more data is 
needed before it can be adopted in clinical practice

 Ultrasound follow-up should include 4-weekly examinations of the fetus, 
focusing on brain, ocular and growth assessment

 Women should be informed that, even when fetal imaging studies are normal, 
there is a risk of approximately 30% for long-term sequelae, especially 
chorioretinitis which occasionally causes vision loss.

Grade:C

Grade:B

Grade:C
Grade:C

GPP

Grade:B

When maternal toxoplasma infection occurs before 18 weeks’ gestation, treatment with 
spiramycin should be commenced without delay until amniocentesis after 
18 weeks’ gestation.  The most common dosing regimen is spiramycin 1 g orally three times a 
day. The earlier after primary maternal infection spiramycin is started, the more effective it is likely 
to be in reducing the risk of fetal infection. Nonetheless, there is still no evidence that prenatal 
treatment can significantly decrease the risk of clinical manifestations (1.11, 95% CI 0.61-2.02) 91. 
It is noteworthy that, while increasing gestational age at seroconversion was associated with 
decreased risk of cerebral lesions, it does not affect the rate of ocular lesions 92.  Recently, the 
combination of pyrimethamine (50 mg/d PO) plus sulfadiazine (1 g tid PO) plus folinic acid (50 mg 
once a week) was compared to spiramycin (1 g tid PO) in a randomized controlled trial in the 
context of prevention of vertical transmission. It was found that the transmission rate was 18.5% in 
the pyrimethamine + sulfadiazine + folinic acid group, vs. 30% in the spiramycin group. The rate of 
cerebral anomalies was 0/73 in the former group, vs. 6/70 (8.5%) in the spiramycin group. 
Moreover, there appeared to be a three-weeks’ window of opportunity for the initiation of 
treatment after maternal seroconversion. Two women in the pyrimethamine + sulfadiazine group 
developed severe rash that required hospitalization 93. Since sulfadiazine can precipitate a 
hemolytic crisis in individuals with glucose 6-phosphate dehydrogenase (G6PDH) deficiency, 
G6PDH testing should be considered before the initiation of treatment.
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After 18 weeks’ gestation, it is still worth performing amniocentesis to confirm or exclude fetal 
infection. This is because, if fetal infection is confirmed by amniocentesis, the treatment regimen 
will be changed to spiramycin only for one week, followed by pyrimethamine 50 mg once daily 
plus sulfadiazine 1 g three times a day plus folinic acid 50 mg weekly for one week 85,86. 

Postnatal treatment of newborns with symptomatic congenital toxoplasmosis consists of 
pyrimethamine, sulfadiazine, and folinic acid for one year 58.

It should be borne in mind that a negative amniocentesis does have a false negative rate, so even 
in this situation, serial ultrasound follow-up of the fetus is indicated. Ultrasound may identify the 
following features suggestive of congenital toxoplasma: microcephaly, hydrocephalus, 
ventriculomegaly, cerebral calcifications, cataracts, ascites. When ultrasound of the brain is 
normal, consideration should be given to fetal MRI as it has greater sensitivity for detecting subtle 
brain abnormalities. When the fetal ultrasound is normal, and particularly when the fetal MRI is 
also normal, the risk of significant neonatal sequelae is low, but parents should be counseled that 
even in this situation there remains a residual risk (approximately 30%) of significant sequelae, 
especially ocular 69–71.  

Human Parvovirus B19

Recommendations
 Given the potential for long-term neurodevelopmental sequelae, cerebral 

imaging should be considered for fetuses who had hydrops or severe anemia
Grade:C

Parvovirus B19 is a single-stranded DNA, non-enveloped virus from the family Parvoviridae, and 
the only member of the family that can cause human disease.  Also known as fifth disease, it is 
such a common childhood viral infection that approximately 60-75% of pregnant women are 
immune 94,95.  Children who get this infection exhibit a characteristic facial rash and fever, when 
the condition is known as ‘slapped cheek syndrome’. This will often run in epidemics through 
schools, especially during late winter and spring. It is spread by respiratory droplets from infected 
people, by blood or blood product transfusion or by transplacental passage 96. The incidence of 
acute Parvovirus B19 infection in pregnancy is 1-2% 95. Cases are often asymptomatic, although 
prodromal symptoms may be present after the incubation period of 4-14 days from exposure.  In 
some cases, the more definable symptoms of rash (erythema infectiosum) and arthralgia are 
present seven days after the prodromal illness. The incubation period is 5 to 7 days following 
exposure; women remain infectious for 3 to 10 days post-exposure or until the rash appears.

The most common trigger for maternal testing for parvovirus B19 in pregnancy is a report of 
recent exposure; it can also result from an incidental finding of fetal hydrops (Figure 4) on 
ultrasound. 

When a mother contracts infection, the risk of vertical transmission to the fetus ranges from 25% 
to 32% 97,98. The main receptor for parvovirus B19 is globoside, a blood group P antigen, which is 
primarily found in erythroid precursors 99, but also in other tissues, including the myocardium and 
the first-trimester placenta 100. Parvovirus B19 causes fetal anemia by inhibiting erythropoiesis, 
thus leading to the aplastic crisis. In healthy adults, this crisis is well tolerated, with minimal 
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anemia. However, compared with adults, the fetus has a greater demand for red blood cells and a 
larger red cell mass with associated rapid cell turnover. This renders the fetus particularly 
vulnerable to any insult to erythropoiesis, and profound anemia may result from infection with 
Parvovirus B19.  In the fetus, the virus mainly affects the bone marrow but can also affect areas of 
extra-medullary hematopoiesis such as liver or spleen. The fetal anemia, as well as associated 
hepatitis, hypoalbuminemia and myocarditis, can lead to cardiac failure and subsequent hydrops 
fetalis 101. Intrauterine red blood cell transfusion can be used to treat fetal hydrops caused by 
Parvovirus B19. Table 6 lists the reported ultrasound abnormalities in fetuses infected by 
Parvovirus B19 102–105.

When a fetus is infected, there is no evidence that parvovirus is teratogenic but, as mentioned 
above, it can lead to fetal anemia. The risk of fetal hydrops is low (4-13%), but when it occurs, it 
carries a 50% risk of intrauterine fetal death 98,102,106.  Hydrops occurs at a median of three weeks 
after the primary maternal infection, and 95% of the cases develop by the eighth week after 
maternal infection 106. Spontaneous resolution has been reported between 1 to 7 weeks after the 
diagnosis 107. It is worth noting that thrombocytopenia has been reported in more than 95% of 
hydropic transfused fetuses, with an incidence of severe thrombocytopenia (<50 × 109 platelets/L) 
up to 46% 102,108,109. This should be taken into account when performing a cordocentesis or 
intrauterine transfusion. Case reports of neonatal liver insufficiency 110–112  myocarditis 113–115, 
transfusion-dependent anemia 116,117, and central nervous system abnormalities (Cohen 1995; 
Yoto 1994; Adler 2010) have been reported. The general consensus is that parvovirus B19 itself, 
in the absence of hydrops or significant fetal anemia, does not cause long-term neurological 
disability, but severe anemia and fetal hydrops may be an independent risk factor for long-term 
neurological sequelae 104,108,118. Therefore, fetal medicine specialists should consider cerebral 
imaging in fetuses or neonates who had hydrops or severe anemia. Furthermore, the myocarditis 
caused by parvovirus B19 can lead to severe dilated cardiomyopathy 110,113,114 and may even 
require heart transplantation 119.

What are the diagnostic criteria of maternal Parvovirus B19 infection?

Recommendations
 Pregnant women following contact with an infected individual, or presenting 

with the suggestive rash, or having a hydropic fetus should be tested for the 
parvovirus B19-specific IgM and IgM antibodies

 As IgM can be false negative, especially in asymptomatic patients, an IgM-
negative result in a woman with a strong suspicion of parvovirus B19 infection 
should be complemented with molecular methods

Grade: B

Grade: C

Pregnant women presenting with a rash suggestive of Parvovirus B19 or following contact with an 
infected individual should be tested for the specific IgM and IgG 120,121 (Figure 5). If serology is 
positive (IgM and IgG), it is useful if another serum sample from before the apparent infection (e.g. 
from the booking blood sample in pregnancy) can be tested; if negative, this will confirm the 
diagnosis and help to establish the timing of the infection. If the IgM is negative and IgG is 
positive, these women have evidence of previous exposure and immunity and, thus, are not at risk 
of transplacental transmission. If the IgM is positive, regardless of IgG status, these women 
should be monitored for potential fetal infection. If both IgM and IgG are negative, these women 
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are susceptible and serologic testing should be repeated in 4 weeks.  If repeat testing shows 
positive IgM or IgG, these pregnancies should be monitored for potential fetal infection.

High rates (20-40%) of false-negative IgM results have been reported, especially in the early 
asymptomatic stages when the viral load is high and the viral particles form complexes with Parvo 
B19-specific antibodies 122. The clinical implications of relying on IgM solely are that some 
hydropic fetuses may receive a delayed IUT, or not have an IUT at all, if the IgM is false negative. 
Therefore, in case of strong suspicion of Parvo B19 infection with negative IgM results, the 
assessment should be complemented by DNA-detection methods, or the determination of IgG-
avidity 122, or amniocentesis for detection of viral DNA 108.

What are the diagnostic criteria of fetal Parvovirus B19 infection?

Recommendation
 Although the viral DNA can be detected in the amniotic fluid and blood of 

infected fetuses, invasive testing is not indicated unless cordocentesis is 
being performed anyway for severe fetal anemia

GPP

Fetal infection can be diagnosed only by invasive testing, usually by amniocentesis or 
occasionally by cordocentesis to obtain fetal blood. The amniotic fluid or fetal blood can be tested 
for the presence of parvovirus DNA by PCR. The qualitative PCR is reported to have a sensitivity 
as high as 100% 120. However, as a general rule, invasive testing is not indicated unless severe 
fetal anemia is diagnosed by ultrasound scan 123–125, given the likelihood of coexisting 
thrombocytopenia 102,108,109.

How should maternal and fetal parvovirus B19 infections be managed?

Recommendations
 Serial ultrasound monitoring should start four weeks after the infection or date 

of seroconversion, then every 1-2 weeks after that, until 12 weeks after 
infection

Grade:B

The presence of fetal hydrops is a clear indication of fetal anemia in this scenario. As mentioned 
above, fetal hydrops in this situation may resolve spontaneously in a third of cases. However, 
measuring the middle cerebral artery peak systolic velocity (MCA-PSV) is now a commonly used 
method of diagnosing moderate or severe fetal anemia. It has been shown that MCA-PSV > +1.50 
multiples of the median (MoMs) can predict severe fetal anemia in confirmed Parvovirus B19 
infection with a sensitivity and specificity of 94% and 93%, respectively 126. Serial ultrasound 
monitoring should start four weeks after the infection or date of seroconversion, then every 1-2 
weeks after that, until 12 weeks after infection. If severe fetal anemia is detected, cordocentesis 
can confirm fetal infection, as described above.

What is the recommended management of maternal and fetal Parvovirus B19 
infection?

Recommendations
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 Serial ultrasound, looking for evidence of ascites, cardiomegaly, hydrops 
fetalis or raised MCA PSV, should be performed every 1–2 weeks for 8–12 
weeks after exposure.

 MCA Doppler readings should not be made during or immediately after a 
period of fetal activity

 Fetal blood sampling, with preparation for transfusion, is indicated when the 
MCA-PSV is greater than 1.5 MoMs, or where there is fetal ascites or 
hydrops.

 Regarding prognosis, the parents should be informed that the risk of perinatal 
death is approximately 30% for fetuses presenting with hydrops vs. 6% for 
non-hydropic fetuses. The long-term outcome in surviving fetuses is generally 
good, with a 10% risk for neurodevelopmental abnormalities for hydropic 
fetuses

Grade:C

Grade:C

Grade:B

Grade:C

Serial ultrasound, looking for evidence of ascites, cardiomegaly, hydrops fetalis or raised MCA 
PSV, should be performed every 1–2 weeks for 8–12 weeks after exposure. In the absence of 
ultrasound evidence of fetal sequelae by 8–12 weeks after exposure, adverse outcomes related to 
parvovirus B19 infection are highly unlikely 102,121. Even though ultrasound monitoring focuses on 
fetal anemia and hydrops, fetal death can occur without evidence of hydrops fetalis 124,127.

The first large series on the performance of MCA-PSV in the prediction of moderate or severe  
fetal anemia reported an extremely high sensitivity and specificity, either in the setting of 
alloimmunization (100% and 88%, respectively) 128 or in the setting of Parvovirus infection (94% 
and 93%, respectively) 126. Several publications followed, also reporting high estimates 129,130, and 
a 2019 meta-analysis reported sensitivity of 79% and specificity of 73% for the prediction of 
moderate/severe fetal anemia (any cause), when using +1.50 MoMs as cut-off for the MCA PSV 
131.

MCA-PSV is easily measured while maintaining close to zero degree angle between the 
ultrasound beam and the direction of blood flow, thereby maintaining the accuracy of the velocity 
measurement. However, the MCA-PSV does not detect all cases of fetal anemia. It may not 
change in mild anemia; it does not increase further in cases of severe anemia when the 
hemoglobin concentration falls below 3g/dL; and its false positive rate increases after 35 weeks’ 
gestation  132 

Figure 6 demonstrates the steps taken in MCA Doppler assessment, which ensure lower intra- 
and inter-observer variation (Mari 2005). The measurements should be obtained in the absence of 
fetal movement and breathing. The operators should be aware of possible pitfalls including normal 
variants of the MCA such as double MCA and MCA collaterals (the lenticulostriate arteries). MCA 
Doppler readings should not be made during a period of rest immediately following a period of 
fetal activity. In late gestation, the MCA Doppler measurements may also be affected by fetal 
heart rate accelerations or decelerations, or after uterine contractions 132,133. 

Fetal blood sampling is indicated when the MCA-PSV is greater than 1.5 MoMs, or where there is 
fetal ascites or hydrops. When fetal anemia is confirmed by testing of fetal blood, intrauterine 
blood transfusion (IUT) may be indicated 118,134–136.  This reduces the risk of intrauterine fetal death 
(odds ratio 0.14; 95% CI 0.02 to 0.96) 137. Fetal transfusion can return the fetal hemoglobin to a 
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normal level, thus helping with the resolution of cardiac failure and hydrops. Moreover, mature 
erythrocytes are transfused, which are less susceptible to the influence of parvovirus, and 
therefore likely to persist for the normal erythrocyte half-life of 120 days. A meta-analysis of 
observational studies showed that IUT resulted in the resolution of hydrops in 55% of affected 
fetuses, whereas resolution of anemia on follow-up scans was reported in all non-hydropic fetuses 
138. In most cases, this should be enough time to allow resolution of the fetal infection. Finally, 
transfused blood, if taken from a donor seropositive for parvovirus IgG, can confer some passive 
immunity on the fetus.

The common site is the placental insertion of the umbilical cord, but other options include the 
intrahepatic umbilical veins or the cardiac ventricles. Non-hydropic fetuses usually need only one 
transfusion, whereas 36% of hydropic fetuses will need two or more transfusions 138. The risk of 
fetal demise depends on the presence of hydrops (29% in hydropic vs. 5.5% in non-hydropic 
fetuses) and the gestational age at transfusion (highest before 20 weeks) 138. At later gestations, it 
may be preferable to deliver the baby early and transfuse the neonate. Fetal hydrops usually 
resolves within six weeks of IUT 134,135. The ascites may persist for several weeks; this should not 
be regarded as failed treatment. Other congenital infections that can cause fetal anemia include 
cytomegalovirus, syphilis and toxoplasmosis. However, the anemia is generally not severe 
enough to cause fetal hydrops.

Overall, the risk of perinatal death is 30% for fetuses presenting with hydrops vs. 6% for non-
hydropic fetuses. The evidence on the long-term outcomes of infected fetuses is limited, but it 
appears that the risk for abnormal neurodevelopment is low (approximately 10%) in hydropic and 
negligible in non-hydropic fetuses 118,138.

Rubella

The widespread implementation of rubella immunization has led to the elimination of rubella and 
congenital rubella syndrome in the WHO Region of the Americas in 2015, and 33 (62%) of 53 
countries in the European Region have now eliminated endemic rubella and congenital rubella 
syndrome. The uptake of vaccination continues to increase internationally, and by December 
2016, 152 (78%) of 194 countries were using the vaccine 139. In the UK, routine rubella immunity 
testing at the pregnancy ‘booking’ visit has recently been discontinued because the risk of rubella 
infection in pregnancy is now so low; the vaccination program has led to high levels of herd 
immunity in the community and pregnant women (98-99% of women of childbearing age are 
immune) 121. 

The incubation period for rubella is 14 to 21 days, and women are infectious from seven days 
before until seven days after the onset of the rash. In adults, including pregnant women, rubella 
infection is generally mild; it may be asymptomatic or consist of mild general malaise, headache, 
cold-like symptoms, and lymphadenopathy. This is usually followed by the rubella rash, which is 
diffuse, fine and maculopapular. 

In contrast to most viral infections during pregnancy, the risk of fetal infection decreases with 
gestation; it is around 90% before 12 weeks’ gestation, 55% from 12 to 16 weeks, and 45% after 
16 weeks.  In common with other viral infections, however, the risk of an infected fetus being 
affected (i.e. developing congenital defects) is greatest at earlier gestations: 97% before 12 weeks 
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and 20% from 12 to 16 weeks, following which there is a risk of deafness up until 20 weeks 121.  
The risk of the fetus being affected as a result of primary maternal infection after 20 weeks’ 
gestation is very small. Re-infection has been reported but the risk to the fetus in this situation is 
small (less than 5%) 140.

What are the diagnostic criteria of maternal rubella infection?

Recommendations
 Clinicians should be aware of the high (15-50%) false-positive rate of rubella 

IgM and interpret the results within the clinical context
Grade:C

Maternal rubella infection is diagnosed by testing of serum levels of IgM and IgG. IgG is usually 
present within a week after the onset of the rash. IgM levels rise early but IgM assays have a 15-
50% false-positive rate 141, which may be related to cross-reactivity with other viruses, long-term 
persistence after vaccination or even with the presence of autoantibodies 142,143. Therefore, the 
diagnosis of acute rubella infection should not rely on a positive IgM test alone but should also 
take into account the history of relevant exposure, the development of a rash, the history of 
vaccination and the results of previous rubella testing 141. Similar to other viral testing, rubella IgG 
avidity can help to determine the timing of infection; high avidity usually indicates infection 
occurring more than three months earlier 144–146, while low avidity antibodies are usually 
associated with infection within the previous three months.  

What are the diagnostic criteria of fetal rubella infection?

Recommendations
 When primary infection occurs before 12 weeks’ gestation, given the risk of 

fetal infection, and the risk of an infected fetus developing severe 
abnormalities, termination of pregnancy can be considered, even without 
invasive testing

 Amniocentesis performed within six weeks of the primary maternal infection 
carries a risk of being false-negative, therefore a negative result in these 
circumstances may justify repeat invasive testing later

GPP

Grade:D

Congenital rubella infection can have serious consequences for the fetus. Congenital rubella 
syndrome includes hearing loss, learning disability, heart malformations, and eye defects. As 
mentioned previously, the risk of fetal abnormalities is greatest when infection occurs before 16 
weeks’ gestation. The fetus can also be affected by growth restriction, hepatomegaly, 
splenomegaly, jaundice, thrombocytopenic purpura, anemia and rash. Some sequelae may 
present late after birth; these include late-onset deafness, eye defects, neurodevelopmental delay, 
and endocrinopathies.

Infection of the fetus can be confirmed by amniocentesis. This is usually delayed until after 18-20 
weeks’ gestation when fetal urination is established. When primary infection occurs before 12 
weeks’ gestation, given the risk of fetal infection and the risk of an infected fetus developing 
severe abnormalities, it is reasonable to offer termination of pregnancy, even without invasive 
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testing.  As a result, invasive testing is usually performed for primary maternal infections occurring 
between 12 and 16 weeks of gestation (the risks to the fetus of infection after that are small). 

The viral nucleic acid is detected in the amniotic fluid using PCR; this test has high sensitivity and 
specificity. Amniocentesis performed within six weeks of the primary maternal infection carries a 
risk of being false-negative 147, so a negative result in these circumstances may justify repeat 
invasive testing later.

Varicella-Zoster 

Varicella-zoster virus (VZV), is a DNA virus of the herpes family that is highly contagious. It is 
transmitted by respiratory droplets and by direct personal contact with vesicle fluid or indirectly via 
fomites. Over 90% of pregnant women are already immune to VZV, having previously had the 
infection, usually in childhood. This means that primary infection in pregnancy occurs in only 3 per 
1000 pregnancies 121. Chickenpox has a characteristic rash, initially maculopapular, then 
becoming vesicular; the vesicles subsequently crust over, then heal completely.  The rash is 
usually accompanied by fever and malaise. The incubation period is 10-21 days, but patients are 
infectious from 48 hours before the rash appears until the vesicles have finally crusted over. 
Maternal VZV infection during pregnancy can be serious, with significant morbidity, including 
varicella pneumonia, and potentially maternal death. It is also associated with the risk of perinatal 
mortality and morbidity.

What are the diagnostic criteria of maternal VZV infection?

Recommendations
 Non-immune pregnant women should be considered at high risk for 

contracting VZV if exposed to significant contact (face to face for 5 minutes or 
in the same room for 15 minutes or more) with an infectious patient.

 For purposes of counseling, an estimate for the risk of congenital varicella 
syndrome is 0.5% if maternal varicella infection happened in the first 13 
gestational weeks, and 2% for infections between weeks 13 and 20. The risk 
for congenital varicella syndrome is minimal after this point; however, there is 
a 25% risk of neonatal varicella if infection occurs after 36 weeks. 

 Pregnant women developing shingles (herpes zoster) during pregnancy 
should be reassured that it has not been associated with fetal or perinatal 
harm. 

Grade:D

Grade:D

Grade:D

The diagnosis of VZV is based on the clinical findings of a classic pruritic, vesicular rash, so 
laboratory testing is not usually needed. Maternal serology testing for VZV in pregnancy is usually 
following contact with a known case of chickenpox. The risk of infection is associated with 
significant contact (face to face for 5 minutes or in the same room for 15 minutes or more). If a 
woman gives a history of having had chickenpox previously, she can be assumed to be immune 
(because the rash is so characteristic), and serological testing is not essential. If she does not 
give such a history, testing for VZV IgG can demonstrate immunity or otherwise; a large 
proportion of women who do not have any known history of chickenpox infection will prove to be 
immune on testing. It may be possible to test the booking blood sample which is often retained in 
the virology laboratory until the end of pregnancy.
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The risk of congenital VZV infection is the development of fetal varicella syndrome. This does not 
occur at the time of initial fetal infection but when there is reactivation of the virus in utero at a 
later stage. Although the absolute numbers are quite small, the risk of fetal varicella syndrome 
may be approximately 0.5% for maternal infection before 13 weeks and 2%  between 13 and 20 
weeks 148,149. The risk of miscarriage does not appear to be increased if chickenpox occurs in the 
first trimester. If maternal infection occurs between 20 and 36 weeks of gestation, there does not 
appear to be any risk of fetal varicella syndrome. Infection after 36 weeks is associated with a 
50% infection rate, and a 25% clinical varicella rate, in the neonate. 
Maternal shingles (herpes zoster, caused by the same virus) does not carry any risk to the fetus 
148.

What are the diagnostic criteria of fetal VZV infection?

Fetal varicella syndrome may include any of the following features: polyhydramnios (due to 
decreased movement or digestive tract atresias), limb defects and dermatomal skin scarring (due 
to fetal herpes zoster) and damage to the eyes and central nervous system 150–154. Neurological 
defects include cortical atrophy, microcephaly, limb paresis, spinal cord atrophy, encephalitis, 
seizures, and Horner's syndrome. In around half of fetuses/infants, the eye will be affected by 
microphthalmia, chorioretinitis, cataracts or optic atrophy, and limb defects are also present in 
around half of the cases (Figure 7).  Fetal growth restriction may be diagnosed on ultrasound scan 
and developmental delay may occur 150–153.

Fetal infection can be confirmed by amniocentesis; PCR can be used to detect VZV DNA.  As 
ever, fetal infection (i.e. as confirmed by positive amniocentesis PCR) does not confirm that the 
fetus will be affected by varicella syndrome. One study 155 of nine women who suffered primary 
VZV infection before 24 weeks of gestation and had a subsequent amniocentesis positive for the 
virus, found that while four had fetuses affected, five babies were apparently unaffected. It is also 
worth noting that a negative amniocentesis does not completely rule out the possibility of fetal 
varicella syndrome developing.

What is the recommended management of maternal and fetal VZV infection?

Recommendations
 Following maternal infection in the first 20 gestational weeks, serial ultrasound 

scans should be commenced from five weeks after the initial maternal 
infection or after 16 weeks

 Following exposure to varicella or shingles, non-immune pregnant women 
should be offered VZIG within 10 days after exposure. . Oral acyclovir can 
also be considered as post-exposure prophylaxis. 

 Oral acyclovir should be offered to pregnant women with varicella within 24 
hours of developing the rash

 The option of pregnancy termination should be considered in the event of 
prenatal diagnosis of fetal varicella syndrome after maternal infection in the 
first 20 gestational weeks 

GPP

D

C

GPP

Page 25 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

The typical ultrasound features of varicella syndrome include microcephaly, hydrocephalus, limb 
defects, fetal growth restriction and soft tissue calcification 155. In the vast majority of fetuses that 
develop varicella syndrome, the abnormalities can be diagnosed by five or more weeks after the 
initial maternal infection 156. This suggests that serial ultrasound scans should be commenced 
from five weeks after the initial maternal infection or after 16 weeks of gestation.

Zoster immune globulin (ZIG) and/or acyclovir have been used in the mother in an attempt to 
reduce the risk or severity of fetal varicella syndrome, although there is no conclusive evidence 
that they are of benefit157,158. VZIG should be commenced up to 10 days after exposure and oral 
acyclovir from 7 days after exposure. Oral acyclovir appears to be safe 159. It should also be 
offered if maternal lesions develop 160 and has been shown to reduce the duration of new lesion 
formation and the total number of new lesions and to improve constitutional symptoms, if started 
within 24 hours of developing the rash 161–163. 

When maternal VZV infection is confirmed before 20 weeks of gestation, and fetal varicella 
syndrome is subsequently identified on ultrasound scan, there is a high chance of a severely 
affected baby and, in this situation, the offer of termination of pregnancy should be made.  Where 
expert fetal medicine ultrasound confirms that there are no apparent fetal abnormities, the risk of 
neonatal sequelae is very small.

Zika virus

Transmission and prevention

Zika virus (ZIKV) is a flavivirus usually transmitted by Aedes mosquitoes, but it can also be 
transmitted from human to human through sexual contact 164–166. A safe and effective vaccine for 
ZIKV is not likely to be available for several years. During the 2015-2016 epidemic, the WHO 
advised that pregnant women avoid travel to ZIKV affected areas, and that both men and women 
returning from Zika-affected areas should practise safe sex or abstinence for 6 months after their 
return, regardless of whether or not they had symptoms 167. Currentely the disease is considered 
endemic and travelling to countries where the virus is still present is permitted with some 
restrictions (https://wwwnc.cdc.gov/travel/page/zika-travel-information).

Diagnosis

What are the diagnostic criteria of maternal ZIKV infection?

Recommendations
 Pregnant women should be routinely asked about their travel history.
 Pregnant women with suggestive symptoms and a history of recent travel to 

an area of high or moderate ZIKV risk, or sexual contact with a person 
returning from an affected area, should be investigated for ZIKV

 The primary test for ZIKV infection is real-time reverse transcription-
polymerase chain reaction (rRT-PCR) of serum and urine

GPP
GPP

Grade:C
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Up to 80% of people infected with ZIKV may have minimal or no symptoms 168,169. In the 20% that 
have symptoms, it is usually a mild self-limiting illness with mild fever, skin rash, conjunctivitis, 
muscle and joint pain, malaise, and headache. ZIKV is also associated with the development of 
Guillain Barré Syndrome 170. ZIKV does not appear to affect pregnant women any differently to the 
general population 167,171 (Wilder-Smith 2017; WHO 2016). The incubation period for ZIKV is 
thought to be between 3 and 12 days 172. Any pregnant woman presenting with these symptoms 
and a history of recent travel to an area of high or moderate ZIKV risk, or sexual contact with a 
person returning from an affected area, should be investigated for ZIKV. Pregnant women should 
be routinely asked about their travel history. 

The primary test for ZIKV infection is real-time reverse transcription-polymerase chain reaction 
(rRT-PCR) of serum and urine. Antibody testing can be performed once more than a week has 
passed since symptom onset. Serology tests for ZIKV are prone to false-positive results due to 
cross-reactivity from other flaviviruses such as dengue (which is transmitted by the same vector 
and to which many of the ZIKV-exposed population are also exposed). For those with negative 
results, repeat testing may be recommended a few weeks after the last possible exposure, before 
ZIKV infection can be excluded with confidence 173. 

What are the diagnostic criteria of fetal Zikavirus infection?

Recommendations
 A baseline fetal ultrasound should be performed after potential maternal 

exposure to ZIKV, with referral to an ultrasound or fetal medicine specialist in 
case of concerning features

 If the baseline scan is normal, a repeat scan in the third trimester can be 
considered.

 Fetuses of mothers with a third-trimester rash and normal head circumference 
may still have underlying brain abnormalities and should be screened for the 
remaining of the pregnancy and after birth

 Pregnant women with ZIKV infection should be informed that the risk of 
congenital disabilities is higher with earlier infection and may be independent 
of the presence or absence of maternal symptoms.

GPP

GPP
Grade:C

Grade:C

Baseline fetal ultrasound should also be performed, with referral to a fetal medicine specialist if 
there are any concerning features 174–176.  In women with negative ZIKV testing but fetal 
abnormalities such as microcephaly and intracerebral calcifications on ultrasound scan, 
consideration should also be given to other congenital infections including CMV, toxoplasmosis 
and rubella which can present with similar findings. 
 
Exposed pregnant women with no reported symptoms during travel or within two weeks of return 
or possible sexual exposure should have an ultrasound for fetal growth and anatomy. If this is 
abnormal, referral for specialist fetal medicine review is advised. If the baseline scan is normal, a 
repeat scan in the third trimester can be considered. No serological testing would be advised in 
these cases 174.

Table 7 lists the fetal and neonatal abnormalities reported in pregnancies with Congenital Zika 
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Syndrome (CZS) 175,177–183. 

A systematic review of 72 studies concluded that there is now sufficient evidence to confirm ZIKV 
as a cause of congenital brain abnormalities 170. Congenital zika virus infection can lead to 
microcephaly, as well as craniofacial disproportion, specific brain abnormalities and neurological 
symptoms (Table 7) 177–183. Recently, the term ‘Congenital Zika Syndrome’ (CZS) has been used 
to describe the spectrum of abnormalities associated with maternal ZIKV infection in pregnancy 
175,177–184. Infants with confirmed ZIKV infection born with a normal head circumference may still 
have underlying brain abnormalities 185,186. This knowledge has important implications for 
counseling and neonatal screening.

The risk of CZS following infection during pregnancy, and whether this risk is related to the 
gestation at infection, remain unclear. One retrospective study estimated the risk of ZIKV-
associated microcephaly of 95 per 10,000 women infected in the first trimester (compared with a 
background rate of 2 cases of microcephaly per 10,000 neonates); however, this was based on 
only 8 cases 187. A prospective cohort study with a short follow up of pregnancies in the recent 
Brazilian outbreak found that, among live-born infants born to ZIKV-affected women, 55% had 
adverse outcomes if infected in the first trimester, 52% if in the second trimester and 29% if in the 
third trimester 177. Preliminary analysis of data from the US Zika Pregnancy Registry has shown 
that among 442 completed pregnancies with laboratory evidence of possible recent ZIKV 
infection, 6% of the fetuses or infants had a ZIKV-associated congenital anomaly. This rate varied 
from 11%, for infections during the first trimester or at the periconception period, to 0% for 
exposure exclusively in the second or third trimester. Interestingly, the rate of congenital 
anomalies was very similar in symptomatic (6%; 95% CI 3-11%) and asymptomatic (6%; 95% CI 
4-9%) women 188. Comparable rates of 5% amongst symptomatic mothers and 4% amongst 
asymptomatic mothers were subsequently reported in a larger study from the US territories 189. In 
a large cohort study that followed 301 pregnant women with laboratory proved Zika virus 
infections from French Guyana, fetal CNS involvement was higher in the infected than in the 
control group (9.0% vs 4.3%; relative risk, 2.11 (95% CI, 1.18-4.13) 190; in a follow up paper the 
authors found that in cases of a known maternal Zika virus infection, approximately a quarter of 
fetuses will become congenitally infected, of which a third will have severe complications at birth 
or fetal loss 191.

Diagnosis of Congenital Zika Syndrome

Recommendations
 Microcephaly should be diagnosed when the head circumference (HC) 

measures ≥2 standard deviations (SD) below the mean, although a HC ≥3 SD 
below the mean is associated with a higher risk for brain abnormalities

 HC should not be used to ascertain gestational age in pregnancies where 
there has been exposure to ZIKV

 Following maternal exposure to ZIKV, an assessment of fetal anatomy 
(including intracerebral abnormalities) and biometry should be undertaken

 Any pregnancy with signs of CZS should be managed in a fetal medicine 
centre with experience in the diagnosis of fetal brain infections

Grade:D

Grade:C

Grade:C

GPP
GPP
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 The abnormalities described in Table 7 are usually diagnosed on ultrasound; 
when there are doubts regarding the US findings the clinicians may consider 
fetal MRI where available.

 Amniocentesis should not be performed for the detection of ZIKV until after 20 
weeks’ gestation

Grade:4

ZIKV infection appears to cause a characteristic pattern of brain abnormalities, which is different 
than these observed in cases of severe CMV infection; however, there is still much that is 
unknown. The mainstay of diagnosis is with fetal ultrasound examination. Microcephaly is defined 
as head size that is smaller than expected but it will almost never be found with normal brain 
imaging. Relaying only on the HC measurement with the different interpretations of this definition 
led to over-reporting of cases in Brazil, particularly in the early stages of the epidemic. 
Microcephaly should be suspected when the head circumference (HC) measures ≥2 standard 
deviations (SD) below the mean, although correlation with brain abnormalities is greater when the 
HC is ≥3 SD below the mean 167,192. HC should not be used to ascertain gestational age in 
pregnancies where there has been exposure to ZIKV 176. Microcephaly in itself is not a disease 
and has many different causes. However, its presence in the context of ZIKV infection should 
raise the suspicion of an underlying abnormality. As well as biometry measurements, an 
assessment of fetal anatomy, including intracerebral abnormalities, should be undertaken. Any 
pregnancy with signs of CZS should be managed in a fetal medicine centre with experience in 
fetal infections. The abnormalities described in Table 7 are usually diagnosed on ultrasound; 
when there are doubts regarding the US findings the clinicians may consider fetal MRI where 
available. Consideration should also be given to the risks and benefits of amniocentesis to test for 
ZIKV by rRT-PCR. The correlation of a positive amniocentesis PCR with fetal abnormality remains 
unclear and expert virology advice should be sought first. Amniocentesis should not be performed 
for the detection of ZIKV until after 20 weeks’ gestation as fetal urination is not well-established 
before this stage and fetal urine is the source of ZIKV in the amniotic fluid 167,174,176,193 

Management of pregnancies with Congenital Zika Syndrome

Recommendations
 ZIKV-affected pregnancies should be managed in an ultrasound or fetal 

medicine unit with serial ultrasound scans and the availability of further 
laboratory testing

 The option of termination of pregnancy should be discussed when appropriate
 Clinicians should acknowledge the limitations of existing knowledge on the 

prognosis for CZS. Following a complete normal imaging follow up the risk of 
developing CZVS is apparently low

 Women who continue a pregnancy with suspected congenital zika syndrome 
should have input from a multi-disciplinary team including fetal medicine 
specialists, neonatologists and radiologists, as appropriate

GPP

GPP
GPP

GPP

These pregnancies should be managed in an ultrasound or fetal medicine unit with serial 
ultrasound scans and the availability of further laboratory testing. Other causes of microcephaly 
and brain abnormalities should be considered and excluded where appropriate. Women should be 
counselled on an individual basis and the option of termination of pregnancy should be discussed 
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when appropriate. Clinicians should acknowledge the limitations of existing knowledge on the 
prognosis for CZS but following a complete normal imaging follow up the risk of developing CZVS 
are apparently low 191. In other congenital viral infections, such as CMV and toxoplasmosis, which 
can cause similar brain abnormalities, the presence of microcephaly would suggest a poor 
prognosis whilst normal ultrasound findings would suggest a good prognosis 34,89,167. However, this 
may not be entirely true of ZIKV where, as described above, brain abnormalities have been found 
in infants with a normal HC 185,186. Women who continue pregnancy with suspected CZS should 
have input from a multi-disciplinary team including fetal medicine specialists, neonatologists and 
radiologists, as appropriate. After birth, follow-up until at least 12 months of age is recommended 
194. 

References
1. Enders M, Daiminger A, Exler S, Ertan K, Enders G, Bald R. Prenatal diagnosis of 

congenital cytomegalovirus infection in 115 cases: a 5 years’ single center experience. 
Prenat Diagn 2017; 37: 389-398. 

2. Fowler KB, Stagno S, Pass RF. Maternal Age and Congenital Cytomegalovirus Infection: 
Screening of Two Diverse Newborn Populations, 1980–1990. J Infect Dis 1993; 168: 552-
556.

3. Dollard SC, Grosse SD, Ross DS. New estimates of the prevalence of neurological and 
sensory sequelae and mortality associated with congenital cytomegalovirus infection. Rev 
Med Virol 2007; 17:355-363.

4. Kenneson A, Cannon MJ. Review and meta-analysis of the epidemiology of congenital 
cytomegalovirus (CMV) infection. Rev Med Virol 2009; 17: 253-276. 

5. Townsend CL, Forsgren M, Ahlfors K, Ivarsson SA, Tookey PA, Peckham CS. Long-term 
outcomes of congenital cytomegalovirus infection in Sweden and the United Kingdom. Clin 
Infect Dis 2013; 56: 1232-1239. 

6. Korndewal MJ, Oudesluys-Murphy AM, Kroes ACM, van der Sande MAB, de Melker HE, 
Vossen ACTM. Long-term impairment attributable to congenital cytomegalovirus infection: 
a retrospective cohort study. Dev Med Child Neurol 2017; 59: 1261-1268. 

7. Boppana SB, Rivera LB, Fowler KB, Mach M, Britt WJ. Intrauterine transmission of 
cytomegalovirus to infants of women with preconceptional immunity. N Engl J Med. 2001; 
344: 1366-1371. 

8. Fowler KB, Stagno S, Pass RF, Britt WJ, Boll TJ, Alford CA. The outcome of congenital 
cytomegalovirus infection in relation to maternal antibody status. N Engl J Med. 1992; 326: 
663-667. 

9. Enders G, Daiminger A, Bäder U, Exler S, Enders M. Intrauterine transmission and clinical 
outcome of 248 pregnancies with primary cytomegalovirus infection in relation to 
gestational age. J Clin Virol 2011; 52: 244-246. 

10. Picone O, Vauloup-Fellous C, Cordier AG, Guitton S, Senat M V., Fuchs F, Ayoubi JM, 
Grangeot Keros L, Benachi A. A series of 238 cytomegalovirus primary infections during 
pregnancy: Description and outcome. Prenat Diagn 2013; 33: 751-758. 

11. Stagno S, Pass RF, Cloud G, Britt WJ, Henderson RE, Walton PD, Veren DA, Page F, 
Alford CA. Primary cytomegalovirus infection in pregnancy. Incidence, transmission to 
fetus, and clinical outcome. JAMA 1986; 256: 1904-1908. 

12. Pass RF, Fowler KB, Boppana SB, Britt WJ, Stagno S. Congenital cytomegalovirus 
infection following first trimester maternal infection: Symptoms at birth and outcome. J Clin 

Page 30 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

Virol 2006; 35: 216-220. 
13. Lazzarotto T, Guerra B, Gabrielli L, Lanari M, Landini MP. Update on the prevention, 

diagnosis and management of cytomegalovirus infection during pregnancy. Clin Microbiol 
Infect 2011;17: 1285-1293. 

14. National Institute for Health Care Excellence. Antenatal care for uncomplicated pregnancies 
NICE GUIDELINES. NICE Guidel. 2015;1(March 2008):47. 

15. Walker SP, Palma-Dias R, Wood EM, Shekleton P, Giles ML. Cytomegalovirus in 
pregnancy: To screen or not to screen. BMC Pregnancy Childbirth 2013; 13. 
doi:10.1186/1471-2393-13-96.

16. Guerra B, Simonazzi G, Puccetti C, Lanari M, Farina A, Lazzarotto T, Rizzo N. Ultrasound 
prediction of symptomatic congenital cytomegalovirus infection. Am J Obstet Gynecol 2008; 
198: 380.e1-380.e7. 

17. Malinger G, Lev D, Lerman-Sagie T. Imaging of fetal cytomegalovirus infection. Fetal Diagn 
Ther 2011; 29: 117-126. 

18. Guerra B, Simonazzi G, Banfi A, Lazzarotto T, Farina A, Lanari M, Rizzo N. Impact of 
diagnostic and confirmatory tests and prenatal counseling on the rate of pregnancy 
termination among women with positive cytomegalovirus immunoglobulin M antibody titers. 
Am J Obstet Gynecol 2007; 196: 221.e1-221.e6. 

19. Grangeot-Keros L, Mayaux MJ, Lebon P, Freymuth F, Eugene G, Stricker R, Dussaix E. 
Value of cytomegalovirus (CMV) IgG avidity index for the diagnosis of primary CMV 
infection in pregnant women. J Infect Dis 1997; 175: 944-946. 

20. LIESNARD C, DONNER C, BRANCART F, Gosselin F, Delforge ML, Rodesch F. Prenatal 
diagnosis of congenital cytomegalovirus infection: Prospective study of 237 pregnancies at 
risk. Obstet Gynecol 2000; 95: 881-888. 

21. Revello MG, Gerna G. Diagnosis and management of human cytomegalovirus infection in 
the mother, fetus, and newborn infant. Clin Microbiol Rev 2002; 15: 680-715. 

22. Enders G, Bäder U, Lindemann L, Schalasta G, Daiminger A. Prenatal diagnosis of 
congenital cytomegalovirus infection in 189 pregnancies with known outcome. Prenat Diagn 
2001; 21: 362-377. 

23. Gindes L, Teperberg-Oikawa M, Sherman D, Pardo J, Rahav G. Congenital 
cytomegalovirus infection following primary maternal infection in the third trimester. BJOG 
An Int J Obstet Gynaecol 2008;115: 830-835. 

24. Bodéus M, Hubinont C, Goubau P. Increased risk of cytomegalovirus transmission in utero 
during late gestation. Obstet Gynecol 1999; 93(5 Pt 1): 658-660.

25. Daiminger A, Bäder U, Enders G. Pre- and periconceptional primary cytomegalovirus 
infection: Risk of vertical transmission and congenital disease. BJOG 2005; 112: 166-172. 

26. Revello MG, Zavattoni M, Furione M, Fabbri E, Gerna G. Preconceptional Primary Human 
Cytomegalovirus Infection and Risk of Congenital Infection. J Infect Dis 2006; 193:783-787. 

27. Hadar E, Yogev Y, Melamed N, Chen R, Amir J, Pardo J. Periconceptional cytomegalovirus 
infection: pregnancy outcome and rate of vertical transmission. Prenat Diagn 2010; 30: 
1213-1216. 

28. Faure-Bardon V, Magny J-F, Parodi M, Couderc S, Garcia P, Maillotte A-M, Benard M, 
Pinquier D, Astruc D, Patural H, Pladys P, Parat S, Guillois B, Garenne A, Bussières L, 
Guilleminot T, Stirnemann J, Ghout I, Ville Y, Leruez-Ville M. Sequelae of congenital 
cytomegalovirus (cCMV) following maternal primary infection are limited to those acquired 
in the first trimester of pregnancy. Clin Infect Dis. 2018; 1-7. 

29. Lipitz S, Yinon Y, Malinger G, Yagel S, Levit L, Hoffman C, Rantzer R, Weisz B. Risk of 

Page 31 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

cytomegalovirus-associated sequelae in relation to time of infection and findings on 
prenatal imaging. Ultrasound Obstet Gynecol 2013; 41: 508-514. 

30. Malinger G, Lev D, Zahalka N, Ben Aroia Z, Watemberg N, Kidron D, Ben Sira L, Lerman-
Sagie T. Fetal cytomegalovirus infection of the brain: The spectrum of sonographic findings. 
Am J Neuroradiol 2003; 24: 28-32.

31. La Torre R, Nigro G, Mazzocco M, Best AM, Adler SP. Placental enlargement in women 
with primary maternal cytomegalovirus infection is associated with fetal and neonatal 
disease. Clin Infect Dis 2006; 43: 994-1000. 

32. Nigro G, La Torre R, Sali E, Auteri M, Mazzocco M, Maranghi L, Cosmi E. Intraventricular 
haemorrhage in a fetus with cerebral cytomegalovirus infection. Prenat Diagn 2002; 22: 
558-561. 

33. Picone O, Costa J, Chaix M, Ville Y, Rouzioux C, Leruez‐Ville M.  Comments on 
“Cytomegalovirus (CMV)–Encoded UL144 (Truncated Tumor Necrosis Factor Receptor) 
and Outcome of Congenital CMV Infection”. J Infect Dis 2008; 196: 1719-1720. 

34. Farkas N, Hoffmann C, Ben-Sira L, Lev D, Schweiger A, Kidron D, Lerman-Sagie T, 
Malinger G. Does normal fetal brain ultrasound predict normal neurodevelopmental 
outcome in congenital cytomegalovirus infection? Prenat Diagn 2011; 31: 360-366. 

35. De Vries LS, Gunardi H, Barth PG, Bok LA, Verboon-Maciolek MA, Groenendaal F. The 
spectrum of cranial ultrasound and magnetic resonance imaging abnormalities in congenital 
cytomegalovirus infection. Neuropediatrics 2004; 35: 113-119. 

36. Lipitz S, Hoffmann C, Feldman B, Tepperberg-Dikawa M, Schiff E, Weisz B. Value of 
prenatal ultrasound and magnetic resonance imaging in assessment of congenital primary 
cytomegalovirus infection. Ultrasound Obstet Gynecol 2010; 36: 709-717. 

37. Cannie MM, Devlieger R, Leyder M, Claus F, Leus A, De Catte L, Cossey V, Foulon I, Van 
der valk E, Foulon W, Cos T, Bernaert A, Oyen R, Jani JC. Congenital cytomegalovirus 
infection: contribution and best timing of prenatal MR imaging. Eur Radiol 2016; 26: 3760-
3769. 

38. Gouarin S, Gault E, Vabret A, Cointe D, Rozenberg F, Grangeot-Keros L, Barjot P, 
Garbarg-Chenon A, Lebon P, Freymuth F. Real-time PCR quantification of human 
cytomegalovirus DNA in amniotic fluid samples from mothers with primary infection. J Clin 
Microbiol 2002; 40: 1767-1772. 

39. Picone O, Costa JM, Leruez-Ville M, Ernault P, Olivi M, Ville Y. Cytomegalovirus (CMV) 
glycoprotein B genotype and CMV DNA load in the amniotic fluid of infected fetuses. Prenat 
Diagn 2004; 24: 1001-1006. 

40. Goegebuer T, Van Meensel B, Beuselinck K, Cossey V, Van Ranst M, Hanssens M, Lagrou 
K. Clinical predictive value of real-time PCR quantification of human cytomegalovirus DNA 
in amniotic fluid samples. J Clin Microbiol 2009; 47: 660-665. 

41. Bale JF, Murph JR, Demmler GJ, Dawson J, Miller JE, Petheram SJ. Intrauterine 
cytomegalovirus infection and glycoprotein B genotypes. J Infect Dis 2000; 182: 933-936. 

42. Arav-Boger R. Strain Variation and Disease Severity in Congenital Cytomegalovirus 
Infection: In Search of a Viral Marker. Infect Dis Clin North Am 2015; 29: 401-414. 

43. Lanari M, Lazzarotto T, Venturi V, Papa I, Gabrielli L, Guerra B, Landini MP, Faldella G. 
Neonatal cytomegalovirus blood load and risk of sequelae in symptomatic and 
asymptomatic congenitally infected newborns. Pediatrics 2006; 117: e76-83. 

44. Fabbri E, Revello MG, Furione M, Zavattoni M, Lilleri D, Tassis B, Quarenghi A, Rustico M, 
Nicolini U, Ferrazzi E, Gerna G. Prognostic markers of symptomatic congenital human 
cytomegalovirus infection in fetal blood. BJOG An Int J Obstet Gynaecol 2011; 118:448-

Page 32 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

456.
45. Revello MG, Zavattoni M, Baldanti F, Sarasini A, Paolucci S, Gerna G. Diagnostic and 

prognostic value of human cytomegalovirus load and IgM antibody in blood of congenitally 
infected newborns. J Clin Virol 1999; 14: 57-66. 

46. Rivera LB, Boppana SB, Fowler KB, Britt WJ, Stagno S, Pass RF. Predictors of hearing 
loss in children with symptomatic congenital cytomegalovirus infection. Pediatrics 2002; 
110: 762-767. 

47. Boppana SB, Fowler KB, Vaid Y, Hedlund G, Stagno S, Britt WJ, Pass RF. 
Neuroradiographic Findings in the Newborn Period and Long-term Outcome in Children 
With Symptomatic Congenital Cytomegalovirus Infection. Pediatrics 1997; 99: 409-414. 

48. Ghi T, Sotiriadis A, Calda P, Da Silva Costa F, Raine-Fenning N, Alfirevic Z, McGillivray G. 
ISUOG Practice Guidelines: invasive procedures for prenatal diagnosis. Ultrasound Obstet 
Gynecol 2016; 48: 256-268. 

49. Leruez-Ville M, Stirnemann J, Sellier Y, Guilleminot T, Dejean A, Magny JF, Couderc S, 
Jacquemard F, Ville Y. Feasibility of predicting the outcome of fetal infection with 
cytomegalovirus at the time of prenatal diagnosis. Am J Obstet Gynecol 2016; 215: 342.e1-
342.e9. 

50. Khalil A, Heath P, Jones C, Soe A, Ville Y, Gynaecologists) (on behalf of the Royal College 
of Obstetricians and. Congenital Cytomegalovirus Infection: Update on Treatment: 
Scientific Impact Paper No. 56. BJOG 2018; 125:e1-e11. 

51. Desveaux C, Klein J, Leruez-Ville M, Ramirez-Torres A, Lacroix C, Breuil B, Froment C, 
Bascands JL, Schanstra JP, Ville Y. Identification of Symptomatic Fetuses Infected with 
Cytomegalovirus Using Amniotic Fluid Peptide Biomarkers. PLoS Pathog 2016; 12: 1-21. 

52. Jacquemard F, Yamamoto M, Costa JM, Romand S, Jaqz-Aigrain E, Dejean A, Daffos F, 
Ville Y. Maternal administration of valaciclovir in symptomatic intrauterine cytomegalovirus 
infection. BJOG An Int J Obstet Gynaecol 2007; 114: 1113-1121. 

53. Leruez-Ville M, Ghout I, Bussières L, Stirnemann J, Magny JF, Couderc S, Salomon LJ, 
Guilleminot T, Aegerter P, Benoist G, Winer N, Picone O, Jacquemard F, Ville Y. In utero 
treatment of congenital cytomegalovirus infection with valacyclovir in a multicenter, open-
label, phase II study. Am J Obstet Gynecol 2016; 215: 462.e1-462.e10. 

54. Nigro G, Adler SP, La Torre R, Best AM, Congenital Cytomegalovirus Collaborating Group. 
Passive immunization during pregnancy for congenital cytomegalovirus infection. N Engl J 
Med 2005; 353: 1350-1362.

55. Kagan KO, Enders M, Schampera MS, Baeumel E, Hoopmann M, Geipel A, Berg C, Goelz 
R, De Catte L, Wallwiener D, Brucker S, Adler SP, Jahn G, Hamprecht K. Prevention of 
maternal–fetal transmission of cytomegalovirus after primary maternal infection in the first 
trimester by biweekly hyperimmunoglobulin administration. Ultrasound Obstet Gynecol 
2019; 53: 383-389. 

56. Revello MG, Lazzarotto T, Guerra B, Spinillo A, Ferrazzi E, Kustermann A, Guaschino S, 
Vergani P, Todros T, Frusca T, Arossa A, Furione M, Rognoni V, Rizzo N, Gabrielli L, 
Klersy C, Gerna G, CHIP Study Group. A randomized trial of hyperimmune globulin to 
prevent congenital cytomegalovirus. N Engl J Med 2014; 370: 1316-1326. 

57. US National Library of Medicine. A Randomized Trial to Prevent Congenital 
Cytomegalovirus (CMV). https://clinicaltrials.gov/ct2/show/NCT01376778.

58. Maldonado YA, Read JS, COMMITTEE ON INFECTIOUS DISEASES. Diagnosis, 
Treatment, and Prevention of Congenital Toxoplasmosis in the United States. Pediatrics. 
2017; 139 : 78-79. 

Page 33 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

59. Halsby K, Guy E, Said B, Francis J, O’Connor C, Kirkbride H, Morgan D. Enhanced 
surveillance for toxoplasmosis in England and Wales, 2008-2012. Epidemiol Infect 2014; 
142: 1653-1660. 

60. Skariah S, McIntyre MK, Mordue DG. Toxoplasma gondii: determinants of tachyzoite to 
bradyzoite conversion. Parasitol Res 2010; 107: 253-260. 

61. Elmore SA, Jones JL, Conrad PA, Patton S, Lindsay DS, Dubey JP. Toxoplasma gondii: 
epidemiology, feline clinical aspects, and prevention. Trends Parasitol 2010; 26: 190-196. 

62. Joynson DH. Epidemiology of toxoplasmosis in the U.K. Scand J Infect Dis Suppl 1992; 84: 
65-69. 

63. Sagel U, Krämer A, Mikolajczyk RT. Incidence of maternal Toxoplasma infections in 
pregnancy in Upper Austria, 2000-2007. BMC Infect Dis 2011; 11: 348. 

64. Dunn D, Wallon M, Peyron F, Petersen E, Peckham C, Gilbert R. Mother-to-child 
transmission of toxoplasmosis: risk estimates for clinical counselling. Lancet (London, 
England) 1999; 353: 1829-1833. 

65. Foulon W, Pinon JM, Stray-Pedersen B, Pollak A, Lappalainen M, Decoster A, Villena I, 
Jenum PA, Hayde M, Naessens A. Prenatal diagnosis of congenital toxoplasmosis: a 
multicenter evaluation of different diagnostic parameters. Am J Obstet Gynecol 1999; 181: 
843-847. 

66. Desmonts G, Couvreur J. [Congenital toxoplasmosis. Prospective study of the outcome of 
pregnancy in 542 women with toxoplasmosis acquired during pregnancy]. Ann Pediatr 
(Paris) 1984; 31: 805-809. 

67. Desmonts G, Couvreur J. Congenital toxoplasmosis. A prospective study of 378 
pregnancies. N Engl J Med 1974; 290: 1110-1116. 

68. Daffos F, Forestier F, Capella-Pavlovsky M, Thulliez P, Aufrant C, Valenti D, Cox WL. 
Prenatal management of 746 pregnancies at risk for congenital toxoplasmosis. N Engl J 
Med 1988; 318: 271-275. 

69. Wilson CB, Remington JS, Stagno S, Reynolds DW. Development of adverse sequelae in 
children born with subclinical congenital Toxoplasma infection. Pediatrics 1980; 66: 767-
774. 

70. Stray-Pedersen B. Toxoplasmosis in pregnancy. Baillieres Clin Obstet Gynaecol 1993; 7: 
107-137.

71. Wallon M, Garweg JG, Abrahamowicz M, Cornu C, Vinault S, Quantin C, Bonithon-Kopp C, 
Picot S, Peyron F, Binquet C. Ophthalmic outcomes of congenital toxoplasmosis followed 
until adolescence. Pediatrics 2014; 133:e601-8. 

72. Robert-Gangneux F, Dardé M-L. Epidemiology of and diagnostic strategies for 
toxoplasmosis. Clin Microbiol Rev 2012; 25: 264-296. 

73. Liesenfeld O, Press C, Montoya JG, Gill R, Isaac-Renton JL, Hedman K, Remington JS. 
False-positive results in immunoglobulin M (IgM) toxoplasma antibody tests and importance 
of confirmatory testing: the Platelia Toxo IgM test. J Clin Microbiol 1997; 35: 174-178. 

74. Montoya JG. Laboratory diagnosis of Toxoplasma gondii infection and toxoplasmosis. J 
Infect Dis 2002;185 Suppl(s1): S73-82. 

75. Centers for Disease Control and Prevention. Toxoplasmosis. DDPx.
76. Montoya JG, Remington JS. Clinical Practice: Management of Toxoplasma gondii Infection 

during Pregnancy. Clin Infect Dis 2008; 47: 554-566. 
77. Lappalainen M, Koskela P, Koskiniemi M, Ämmälä P, Hiilesmaa V, Teramo K, Raivio KO, 

Remington JS, Hedman K. Toxoplasmosis acquired during pregnancy: Improved 
serodiagnosis based on avidity of IgG. J Infect Dis 1993; 167: 691-697. 

78. Pelloux H, Brun E, Vernet G, Marcillat S, Jolivet M, Guergour D, Fricker-Hidalgo H, 

Page 34 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

Goullier-Fleuret A, Ambroise-Thomas P. Determination of anti-Toxoplasma gondii 
immunoglobulin G avidity: adaptation to the Vidas system (bioMérieux). Diagn Microbiol 
Infect Dis 1998; 32: 69-73.

79. Hedman K, Lappalainen M, Seppäiä I, Miikelä O. Recent Primary Toxoplasma Infection 
Indicated by a Low Avidity of Specific Igg. J Infect Dis 1989; 159: 736-740. 

80. Lappalainen M, Koskiniemi M, Hiilesmaa V, Ammälä P, Teramo K, Koskela P, Lebech M, 
Raivio KO, Hedman K. Outcome of children after maternal primary Toxoplasma infection 
during pregnancy with emphasis on avidity of specific IgG. The Study Group. Pediatr Infect 
Dis J 1995; 14: 354-361. 

81. Lefevre-Pettazzoni M, Bissery A, Wallon M, Cozon G, Peyron F, Rabilloud M. Impact of 
spiramycin treatment and gestational age on maturation of Toxoplasma gondii 
immunoglobulin G avidity in pregnant women. Clin Vaccine Immunol 2007; 14: 239-243. 

82. Petersen E, Borobio MV, Guy E, Liesenfeld O, Meroni V, Naessens A, Spranzi E, Thulliez 
P. European multicenter study of the LIAISON automated diagnostic system for 
determination of Toxoplasma gondii-specific immunoglobulin G (IgG) and IgM and the IgG 
avidity index. J Clin Microbiol 2005; 43: 1570-1574. 

83. Meroni V, Genco F, Tinelli C, Lanzarini P, Bollani L, Stronati M, Petersen E. Spiramycin 
treatment of Toxoplasma gondii infection in pregnant women impairs the production and the 
avidity maturation of T. gondii-specific immunoglobulin G antibodies. Clin Vaccine Immunol 
2009; 16: 1517-1520. 

84. Romand S, Wallon M, Franck J, Thulliez P, Peyron F, Dumon H. Prenatal diagnosis using 
polymerase chain reaction on amniotic fluid for congenital toxoplasmosis. Obstet Gynecol 
2001; 97: 296-300. 

85. Paquet C, Yudin MH. No. 285-Toxoplasmosis in Pregnancy: Prevention, Screening, and 
Treatment. J Obstet Gynaecol Canada 2018; 40: e687-e693. 

86. American College of Obstetricians and Gynecologists. Practice bulletin no. 151: 
Cytomegalovirus, parvovirus B19, varicella zoster, and toxoplasmosis in pregnancy. Obstet 
Gynecol 2015; 125: 1510-1525. 

87. Wallon M, Franck J, Thulliez P, Huissoud C, Peyron F, Garcia-Meric P, Kieffer F. Accuracy 
of real-time polymerase chain reaction for Toxoplasma gondii in amniotic fluid. Obstet 
Gynecol 2010; 115: 727-733.

88. Romand S, Chosson M, Franck J, Wallon M, Kieffer F, Kaiser K, Dumon H, Peyron F, 
Thulliez P, Picot S. Usefulness of quantitative polymerase chain reaction in amniotic fluid 
as early prognostic marker of fetal infection with Toxoplasma gondii. Am J Obstet Gynecol 
2004; 190: 797-802. 

89. Malinger G, Werner H, Rodriguez Leonel JC, Rebolledo M, Duque M, Mizyrycki S, Lerman-
Sagie T, Herrera M. Prenatal brain imaging in congenital toxoplasmosis. Prenat Diagn 
2011; 31: 881-886. 

90. Dhombres F, Friszer S, Maurice P, Gonzales M, Kieffer F, Garel C, Jouannic J-M. 
Prognosis of Fetal Parenchymal Cerebral Lesions without Ventriculomegaly in Congenital 
Toxoplasmosis Infection. Fetal Diagn Ther 2017; 41: 8-14. 

91. SYROCOT (Systematic Review on Congenital Toxoplasmosis) study group, Thiébaut R, 
Leproust S, Chêne G, Gilbert R. Effectiveness of prenatal treatment for congenital 
toxoplasmosis: a meta-analysis of individual patients’ data. Lancet (London, England) 2007; 
369: 115-122. 

92. SYROCOT (Systematic Review on Congenital Toxoplasmosis) study group, Thiébaut R, 
Leproust S, Chêne G, Gilbert R. Effectiveness of prenatal treatment for congenital 

Page 35 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

toxoplasmosis: a meta-analysis of individual patients’ data. Lancet (London, England) 2007; 
369: 115-122. 

93. Mandelbrot L, Kieffer F, Sitta R, Laurichesse-Delmas H, Winer N, Mesnard L, Berrebi A, Le 
Bouar G, Bory J-PP, Cordier A-GGG, Ville Y, Perrotin F, Jouannic J-MM, Biquard F, 
d’Ercole C, Houfflin-Debarge V, Villena I, Thiébaut R, TOXOGEST Study Group, 
Laurichesse-Delmas H, Pons D, Nourrisson C, Winer N, Lavergne RA, Berrebi A, Fillaux J, 
Assouline C, Mesnard L, Villena I, Bory J-PP, Le Bouar G, Robert-Gangneux F, d’Ercole C, 
L’Ollivier C, Bretelle F, Guidicelli B, Garcia P, Cordier A-GGG, Benachi A, Vauloup-Fellous 
C, Letamendia E, Ville Y, Bougnoux ME, Perrotin F, Van Langendonck N, Potin J, Marty P, 
Pomarès C, Trastour C, Houfflin-Debarge V, Deleplancque AS, Kieffer F, Jouannic J-MM, 
Costa JM, Chève MT, Col JY, Biquard F, Cimon B, Sterkers Y, Lachaud L, Burlet G, 
Maréchaud M, Perraud E, Grébille AG, Valentin M, Houzé S, Omnès S, Chitrit Y, Boissinot 
C, Yéra H, Anselem O, Tsatsaris V, Sénat MV, Fuchs F, Angoulvant A, Muszynski C, Totet 
A, Noël C, Bidat L, Barjat T, Flori P, Pelloux H, Brenier-Pinchart MP, Thong-Vanh C, 
Mandelbrot L, Floch C, Carbillon L, Lachassine E, Ricbourg A, Paris L, Dommergues M, 
Rousseau T, Dalle F, Dardé ML, Aubard V, Olivier C, Verspyk E, Favennec L. Prenatal 
therapy with pyrimethamine + sulfadiazine vs spiramycin to reduce placental transmission 
of toxoplasmosis: a multicenter, randomized trial. Am J Obstet Gynecol 2018; 219: 386.e1-
386.e9. 

94. Vyse AJ, Andrews NJ, Hesketh LM, Pebody R. The burden of parvovirus B19 infection in 
women of childbearing age in England and Wales. Epidemiol Infect 2007; 135: 1354-1362. 

95. Mossong J, Hens N, Friederichs V, Davidkin I, Broman M, Litwinska B, Siennicka J, 
Trzcinska A, Van Damme P, Beutels P, Vyse A, Shkedy Z, Aerts M, Massari M, Gabutti G. 
Parvovirus B19 infection in five European countries: Seroepidemiology, force of infection 
and maternal risk of infection. Epidemiol Infect 2008; 136: 1059-1068. 

96. Sabella C, Goldfarb J. Parvovirus B19 infections. Am Fam Physician 1999; 60: 1455-1460. 
97. Gratacós E, Torres PJ, Vidal J, Antolín E, Costa J, Jiménez de Anta MT, Cararach V, 

Alonso PL, Fortuny A. The incidence of human parvovirus B19 infection during pregnancy 
and its impact on perinatal outcome. J Infect Dis 1995; 171: 1360-1363. 

98. Puccetti C, Contoli M, Bonvicini F, Cervi F, Simonazzi G, Gallinella G, Murano P, Farina A, 
Guerra B, Zerbini M, Rizzo N. Parvovirus B19 in pregnancy: possible consequences of 
vertical transmission. Prenat Diagn 2012; 32: 897-902. 

99. Brown KE, Young NS. Parvovirus B19 infection and hematopoiesis. Blood Rev 1995; 9: 
176-182. 

100. Jordan JA, DeLoia JA. Globoside expression within the human placenta. Placenta 1999; 
20: 103-108. 

101. Garcia AG, Pegado CS, Cubel R de C, Fonseca ME, Sloboda I, Nascimento JP. Feto-
placentary pathology in human parvovirus B19 infection. Rev Inst Med Trop Sao Paulo. 40: 
145-150. 

102. Simms RA, Liebling RE, Patel RR, Denbow ML, Abdel-Fattah SA, Soothill PW, Overton TG. 
Management and outcome of pregnancies with parvovirus B19 infection over seven years 
in a tertiary fetal medicine unit. Fetal Diagn Ther 2009; 25: 373-378. 

103. Chauvet A, Dewilde A, Thomas D, Joriot S, Vaast P, Houfflin-Debarge V, Subtil D. 
Ultrasound diagnosis, management and prognosis in a consecutive series of 27 cases of 
fetal hydrops following maternal parvovirus B19 infection. Fetal Diagn Ther 2011; 30: 41-
47. 

104. Dijkmans AC, de Jong EP, Dijkmans BAC, Lopriore E, Vossen A, Walther FJ, Oepkes D. 

Page 36 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

Parvovirus B19 in pregnancy: prenatal diagnosis and management of fetal complications. 
Curr Opin Obstet Gynecol 2012; 24: 95-101. 

105. Macé G, Sauvan M, Castaigne V, Moutard ML, Cortey A, Maisonneuve E, Garel C, 
Dhombres F, Boujenah J, Mailloux A, Carbonne B. Clinical presentation and outcome of 20 
fetuses with parvovirus B19 infection complicated by severe anemia and/or fetal hydrops. 
Prenat Diagn 2014; 34: 1023-1030. 

106. Enders M, Weidner A, Zoellner I, Searle K, Enders G. Fetal morbidity and mortality after 
acute human parvovirus B19 infection in pregnancy: Prospective evaluation of 1018 cases. 
Prenat Diagn 2004; 24: 513-518. 

107. Young N. Hematologic and hematopoietic consequences of B19 parvovirus infection. 
Semin Hematol 1988; 25: 159-172. 

108. de Jong EP, Walther FJ, Kroes ACM, Oepkes D. Parvovirus B19 infection in pregnancy: 
new insights and management. Prenat Diagn 2011; 31: 419-425. 

109. De Haan TR, Van Den Akker ESA, Porcelijn L, Oepkes D, Kroes ACM, Walther FJ. 
Thrombocytopenia in hydropic fetuses with parvovirus B19 infection: Incidence, treatment 
and correlation with fetal B19 viral load. BJOG An Int J Obstet Gynaecol 2008; 115: 76-81.

110. Cohen B. Parvovirus B19: an expanding spectrum of disease. BMJ 1995; 311: 1549-1552. 
111. Metzman R, Anand A, DeGiulio PA, Knisely AS. Hepatic disease associated with 

intrauterine parvovirus B19 infection in a newborn premature infant. J Pediatr Gastroenterol 
Nutr 1989; 9: 112-114. 

112. Yoto Y, Kudoh T, Asanuma H, Numazaki K, Tsutsumi Y, Nakata S, Chiba S. Transient 
disturbance of consciousness and hepatic dysfunction associated with human parvovirus 
B19 infection. Lancet (London, England) 1994; 344: 624-625. 

113. Adler S, Koch W. Human Parvovirus B19. In: Remington J, Klein J, eds. Infectious 
Diseases of the Fetus and Newborn Infant. 7th ed. Philadelphia: Saunders; 2010:845.

114. Porter HJ, Quantrill AM, Fleming KA. B19 parvovirus infection of myocardial cells. Lancet 
(London, England) 1988; 1: 535-536. 

115. Saint-Martin J, Choulot JJ, Bonnaud E, Morinet F. Myocarditis caused by parvovirus. J 
Pediatr 1990; 116: 1007-1008. 

116. Levy R, Weissman A, Blomberg G, Hagay ZJ. Infection by parvovirus B 19 during 
pregnancy: a review. Obstet Gynecol Surv 1997; 52: 254-259. 

117. Markenson GR, Yancey MK. Parvovirus B19 infections in pregnancy. Semin Perinatol 
1998; 22: 309-317. 

118. Nagel HTC, De Haan TR, Vandenbussche FPHA, Oepkes D, Walther FJ. Long-term 
outcome after fetal transfusion for hydrops associated with parvovirus B19 infection. Obstet 
Gynecol 2007; 109: 42-47. 

119. von Kaisenberg CS, Bender G, Scheewe J, Hirt SW, Lange M, Stieh J, Kramer HH, Jonat 
W. A case of fetal parvovirus B19 myocarditis, terminal cardiac heart failure, and perinatal 
heart transplantation. Fetal Diagn Ther 2001; 16: 427-432. 

120. Lamont RF, Sobel JD, Vaisbuch E, Kusanovic JP, Mazaki-Tovi S, Kim SK, Uldbjerg N, 
Romero R. Parvovirus B19 infection in human pregnancy. BJOG 2011; 118: 175-186. 

121. Morgan-Capner P, Crowcroft NS, PHLS Joint Working Party of the Advisory Committees of 
Virology and Vaccines and Immunisation. Guidelines on the management of, and exposure 
to, rash illness in pregnancy (including consideration of relevant antibody screening 
programmes in pregnancy). Commun Dis public Heal 2002; 5: 59-71. 

122. Bredl S, Plentz A, Wenzel JJ, Pfister H, Möst J, Modrow S. False-negative serology in 
patients with acute parvovirus B19 infection. J Clin Virol 2011; 51: 115-120. 

Page 37 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

123. Dieck D, Schild RL, Hansmann M, Eis-Hübinger AM. Prenatal diagnosis of congenital 
parvovirus B19 infection: Value of serological and PCR techniques in maternal and fetal 
serum. Prenat Diagn 1999; 19: 1119-1123. 

124. Skjoldebrand-Sparre L, Nyman M, Broliden K, Wahren B, Incerpi MH, Goodwin TM. All 
cases of intrauterine fetal death should be evaluated for parvovirus B19 viral 
deoxyribonucleic acid. Am J Obstet Gynecol 1999; 180: 1595-1596.

125. Petersson K, Norbeck O, Westgren M, Broliden K. Detection of parvovirus B19, 
cytomegalovirus and enterovirus infections in cases of intrauterine fetal death. J Perinat 
Med 2004; 32: 516-521. 

126. Cosmi E, Mari G, Chiaie LD, Detti L, Akiyama M, Murphy J, Stefos T, Ferguson JE, Hunter 
D, Hsu CD, Abuhamad A, Bahado-Singh R. Noninvasive diagnosis by Doppler 
ultrasonography of fetal anemia resulting from parvovirus infection. Am J Obstet Gynecol 
2002; 187: 1290-1293. 

127. Brennand JE, Cameron AD. Human parvovirus B19 in pregnancy. Hosp Med 2000; 61: 93-
96. 

128. Mari G, Deter RL, Carpenter RL, Rahman F, Zimmerman R, Moise KJ, Dorman KF, 
Ludomirsky A, Gonzalez R, Gomez R, Oz U, Detti L, Copel JA, Bahado-Singh R, Berry S, 
Martinez-Poyer J, Blackwell SC. Noninvasive diagnosis by Doppler ultrasonography of fetal 
anemia due to maternal red-cell alloimmunization. Collaborative Group for Doppler 
Assessment of the Blood Velocity in Anemic Fetuses. N Engl J Med 2000; 342: 9-14. 

129. Delle Chiaie L, Buck G, Grab D, Terinde R. Prediction of fetal anemia with Doppler 
measurement of the middle cerebral artery peak systolic velocity in pregnancies 
complicated by maternal blood group alloimmunization or parvovirus B19 infection. 
Ultrasound Obstet Gynecol 2001; 18: 232-236. 

130. Oepkes D, Seaward PG, Vandenbussche FPHA, Windrim R, Kingdom J, Beyene J, Kanhai 
HHH, Ohlsson A, Ryan G, DIAMOND Study Group. Doppler ultrasonography versus 
amniocentesis to predict fetal anemia. N Engl J Med 2006; 355: 156-164. 

131. Martinez-Portilla RJ, Lopez-Felix J, Hawkins-Villareal A, Villafan-Bernal JR, Paz Y Miño F, 
Figueras F, Borrell A. Performance of middle cerebral artery peak systolic velocity for the 
prediction of fetal anemia in untransfused and transfused fetuses: a diagnostic test 
accuracy meta-analysis. Ultrasound Obstet Gynecol 2019; 18: 232-236. 

132. Mari G, Abuhamad AZ, Cosmi E, Segata M, Altaye M, Akiyama M. Middle cerebral artery 
peak systolic velocity: technique and variability. J Ultrasound Med 2005; 24: 425-430. 

133. Hanif F, Drennan K, Mari G. Variables that affect the middle cerebral artery peak systolic 
velocity in fetuses with anemia and intrauterine growth restriction. Am J Perinatol 2007; 24: 
501-505.

134. Odibo AO, Campbell WA, Feldman D, Ling PY, Leo M V, Borgida AF, Rodis JF. Resolution 
of human parvovirus B19-induced nonimmune hydrops after intrauterine transfusion. J 
Ultrasound Med 1998; 17: 547-550. 

135. Rodis JF, Borgida AF, Wilson M, Egan JFX, Leo M V., Odibo AO, Campbell WA. 
Management of parvovirus infection in pregnancy and outcomes of hydrops: a survey of 
members of the Society of Perinatal Obstetricians. Am J Obstet Gynecol 1998; 179: 985-
988. 

136. Bizjak G, Blondin D, Hammer R, Kozlowski P, Siegmann HJ, Stressig R. Acute infection 
with parvovirus B19 in early pregnancy. Ultrasound Obstet Gynecol 2009; 34: 234-235. 

137. Fairley CK, Smoleniec JS, Caul OE, Miller E. Observational study of effect of intrauterine 
transfusions on outcome of fetal hydrops after parvovirus B19 infection. Lancet (London, 

Page 38 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

England) 1995; 346: 1335-1337. 
138. Bascietto F, Liberati M, Murgano D, Buca D, Iacovelli A, Flacco ME, Manzoli L, Familiari A, 

Scambia G, D’Antonio F. Outcome of fetuses with congenital parvovirus B19 infection: 
systematic review and meta-analysis. Ultrasound Obstet Gynecol 2018; 52: 569-576. 

139. Grant GB, Reef SE, Patel M, Knapp JK, Dabbagh A. Progress in Rubella and Congenital 
Rubella Syndrome Control and Elimination - Worldwide, 2000-2016. MMWR Morb Mortal 
Wkly Rep 2017; 66: 1256-1260.

140. Morgan-Capner P, Miller E, Vurdien JE, Ramsay ME. Outcome of pregnancy after maternal 
reinfection with rubella. CDR (Lond Engl Rev) 1991; 1: R57-9. 

141. Isaac BM, Zucker JR, Giancotti FR, Abernathy E, Icenogle J, Rakeman JL, Rosen JB. 
Rubella Surveillance and Diagnostic Testing among a Low-Prevalence Population, New 
York City, 2012-2013. Clin Vaccine Immunol 2017; 24: 2012-2013. 

142. Khorrami SMS, Mokhtari-Azad T, Yavarian J, Nasab GSF, Naseri M, Jandaghi NZS. The 
etiology of Rubella IgM positivity in patients with rubella-like illness in Iran from 2011 to 
2013. J Med Virol 2015; 87: 1846-1852. 

143. De Carolis S, Tabacco S, Rizzo F, Perrone G, Garufi C, Botta A, Salvi S, Benedetti Panici 
P, Lanzone A. Association between false-positive TORCH and antiphospholipid antibodies 
in healthy pregnant women. Lupus 2018; 27: 841-846. 

144. Böttiger B, Jensen IP. Maturation of rubella IgG avidity over time after acute rubella 
infection. Clin Diagn Virol 1997; 8: 105-111. 

145. Enders G, Knotek F. Rubella IgG total antibody avidity and IgG subclass-specific antibody 
avidity assay and their role in the differentiation between primary rubella and rubella 
reinfection. Infection 1989; 17: 218-226. 

146. Vauloup-Fellous C, Grangeot-Keros L. Humoral immune response after primary rubella 
virus infection and after vaccination. Clin Vaccine Immunol 2007; 14: 644-647. 

147. Tang JW, Aarons E, Hesketh LM, Strobel S, Schalasta G, Jauniaux E, Brink NS, Enders G. 
Prenatal diagnosis of congenital rubella infection in the second trimester of pregnancy. 
Prenat Diagn 2003; 23: 509-512. 

148. Enders G, Miller E, Cradock-Watson J, Bolley I, Ridehalgh M. Consequences of varicella 
and herpes zoster in pregnancy: prospective study of 1739 cases. Lancet (London, 
England) 1994; 343: 1548-1551. 

149. Pastuszak AL, Levy M, Schick B, Zuber C, Feldkamp M, Gladstone J, Bar-Levy F, Jackson 
E, Donnenfeld A, Meschino W. Outcome after maternal varicella infection in the first 20 
weeks of pregnancy. N Engl J Med 1994; 330: 901-905. 

150. Meyberg-Solomayer GC, Fehm T, Muller-Hansen I, Enders G, Poets C, Wallwiener D, 
Solomayer E-F. Prenatal ultrasound diagnosis, follow-up, and outcome of congenital 
varicella syndrome. Fetal Diagn Ther 2006; 21: 296-301.

151. Pretorius DH, Hayward I, Jones KL, Stamm E. Sonographic evaluation of pregnancies with 
maternal varicella infection. J Ultrasound Med 1992; 11: 459-463. 

152. Lécuru F, Taurelle R, Bernard JP, Parrat S, Lafay-pillet MC, Rozenberg F, Lebon P, 
Dommergues M. Varicella zoster virus infection during pregnancy: the limits of prenatal 
diagnosis. Eur J Obstet Gynecol Reprod Biol 1994; 56: 67-68. 

153. Mattson SN, Jones KL, Gramling LJ, Schonfeld AM, Riley EP, Harris JA, Chambers CD. 
Neurodevelopmental follow-up of children of women infected with varicella during 
pregnancy: a prospective study. Pediatr Infect Dis J 2003; 22: 819-823. 

154. Sauerbrei A, Wutzler P. The congenital varicella syndrome. J Perinatol 2000; 20: 548-554. 
155. Mouly F, Mirlesse V, Méritet JF, Rozenberg F, Poissonier MH, Lebon P, Daffos F. Prenatal 

Page 39 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

diagnosis of fetal varicella-zoster virus infection with polymerase chain reaction of amniotic 
fluid in 107 cases. Am J Obstet Gynecol 1997; 177: 894-898. 

156. Hofmeyr GJ, Moolla S, Lawrie T. Prenatal sonographic diagnosis of congenital varicella 
infection - A case report. Prenat Diagn 1996; 16:1148-1151. 

157. American Academy of Pediatrics Committee on Infectious Diseases: The use of oral 
acyclovir in otherwise healthy children with varicella. Pediatrics 1993; 91: 674-676. 

158. Miller E, Cradock-Watson JE, Ridehalgh MK. Outcome in newborn babies given anti-
varicella-zoster immunoglobulin after perinatal maternal infection with varicella-zoster virus. 
Lancet (London, England) 1989; 2: 371-373. 

159. Pasternak B, Hviid A. Use of acyclovir, valacyclovir, and famciclovir in the first trimester of 
pregnancy and the risk of birth defects. JAMA 2010; 304: 859-866. 

160. Kesson AM, Grimwood K, Burgess MA, Ferson MJ, Gilbert GL, Hogg G, Isaacs D, 
Kakakios A, McIntyre P. Acyclovir for the prevention and treatment of varicella zoster in 
children, adolescents and pregnancy. J Paediatr Child Health 1996; 32: 211-217. 

161. Dunkle LM, Arvin AM, Whitley RJ, Rotbart HA, Feder HM, Feldman S, Gershon AA, Levy 
ML, Hayden GF, McGuirt P V. A controlled trial of acyclovir for chickenpox in normal 
children. N Engl J Med 1991; 325: 1539-1544. 

162. Balfour HH, Rotbart HA, Feldman S, Dunkle LM, Feder HM, Prober CG, Hayden GF, 
Steinberg S, Whitley RJ, Goldberg L. Acyclovir treatment of varicella in otherwise healthy 
adolescents. The Collaborative Acyclovir Varicella Study Group. J Pediatr 1992; 120: 627-
633. 

163. Wallace MR, Bowler WA, Murray NB, Brodine SK, Oldfield EC. Treatment of adult varicella 
with oral acyclovir. A randomized, placebo-controlled trial. Ann Intern Med 1992; 117: 358-
363. 

164. Foy BD, Kobylinski KC, Chilson Foy JL, Blitvich BJ, Travassos da Rosa A, Haddow AD, 
Lanciotti RS, Tesh RB. Probable non-vector-borne transmission of Zika virus, Colorado, 
USA. Emerg Infect Dis 2011; 17: 880-882.

165. Deckard DT, Chung WM, Brooks JT, Smith JC, Woldai S, Hennessey M, Kwit N, Mead P. 
Male-to-Male Sexual Transmission of Zika Virus--Texas, January 2016. MMWR Morb 
Mortal Wkly Rep 2016; 65: 372-374.

166. D’Ortenzio E, Matheron S, Yazdanpanah Y, de Lamballerie X, Hubert B, Piorkowski G, 
Maquart M, Descamps D, Damond F, Leparc-Goffart I. Evidence of Sexual Transmission of 
Zika Virus. N Engl J Med 2016; 374: 2195-2198.

167. WHO. World Health Organisation:Vector control operations framework for Zikavirus 
Operations framework. http://www.who.int/csr/resources/publications/zika/vector-control/en/ 
(2016). Published 2016. Accessed August 16, 2017.

168. Duffy MR, Chen T-H, Hancock WT, Powers AM, Kool JL, Lanciotti RS, Pretrick M, Marfel 
M, Holzbauer S, Dubray C, Guillaumot L, Griggs A, Bel M, Lambert AJ, Laven J, Kosoy O, 
Panella A, Biggerstaff BJ, Fischer M, Hayes EB. Zika Virus Outbreak on Yap Island, 
Federated States of Micronesia. N Engl J Med 2009; 360: 2536-2543. 

169. de Laval F, Matheus S, Maquart M, Yvrard E, Barthes N, Combes C, Rousset D, Leparc-
Goffart I, Briolant S. Prospective Zika virus disease cohort: systematic screening. Lancet 
(London, England) 2016; 388: 868. 

170. Krauer F, Riesen M, Reveiz L, Oladapo OT, Martínez-Vega R, Porgo T V, Haefliger A, 
Broutet NJ, Low N, WHO Zika Causality Working Group. Zika Virus Infection as a Cause of 
Congenital Brain Abnormalities and Guillain-Barré Syndrome: Systematic Review. PLoS 
Med 2017; 14: e1002203. 

Page 40 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

171. Wilder-Smith A, Gubler DJ, Weaver SC, Monath TP, Heymann DL, Scott TW. Epidemic 
arboviral diseases: priorities for research and public health. Lancet Infect Dis 2017; 17: 
e101-e106. 

172. Krow-Lucal ER, Biggerstaff BJ, Staples JE. Estimated Incubation Period for Zika Virus 
Disease. Emerg Infect Dis 2017; 23: 841-845. 

173. Landry ML, St George K. Laboratory Diagnosis of Zika Virus Infection. Arch Pathol Lab 
Med 2017; 141: 60-67. 

174. RCOG, RCM, PHE, HPS. Zika Virus Infection and Pregnancy Information for Healthcare 
Professionals.; 2019.

175. Oliveira Melo AS, Malinger G, Ximenes R, Szejnfeld PO, Alves Sampaio S, Bispo de 
Filippis AM. Zika virus intrauterine infection causes fetal brain abnormality and 
microcephaly: tip of the iceberg? Ultrasound Obstet Gynecol 2016; 47: 6-7. 

176. Papageorghiou AT, Thilaganathan B, Bilardo CM, Ngu A, Malinger G, Herrera M, Salomon 
LJ, Riley LE, Copel JA. ISUOG Interim Guidance on ultrasound for Zika virus infection in 
pregnancy: information for healthcare professionals. Ultrasound Obstet Gynecol 2016; 47: 
530-532. 

177. Brasil P, Pereira JP, Moreira ME, Ribeiro Nogueira RM, Damasceno L, Wakimoto M, 
Rabello RS, Valderramos SG, Halai U-A, Salles TS, Zin AA, Horovitz D, Daltro P, Boechat 
M, Raja Gabaglia C, Carvalho de Sequeira P, Pilotto JH, Medialdea-Carrera R, Cotrim da 
Cunha D, Abreu de Carvalho LM, Pone M, Machado Siqueira A, Calvet GA, Rodrigues 
Baião AE, Neves ES, Nassar de Carvalho PR, Hasue RH, Marschik PB, Einspieler C, 
Janzen C, Cherry JD, Bispo de Filippis AM, Nielsen-Saines K. Zika Virus Infection in 
Pregnant Women in Rio de Janeiro. N Engl J Med 2016; 375: 2321-2334. 

178. Chibueze EC, Tirado V, Lopes K da S, Balogun OO, Takemoto Y, Swa T, Dagvadorj A, 
Nagata C, Morisaki N, Menendez C, Ota E, Mori R, Oladapo OT. Zika virus infection in 
pregnancy: a systematic review of disease course and complications. Reprod Health 2017; 
14: 28. 

179. Hazin AN, Poretti A, Di Cavalcanti Souza Cruz D, Tenorio M, van der Linden A, Pena LJ, 
Brito C, Gil LHV, de Barros Miranda-Filho D, Marques ET de A, Turchi Martelli CM, Alves 
JGB, Huisman TA. Computed Tomographic Findings in Microcephaly Associated with Zika 
Virus. N Engl J Med 2016; 374: 2193-2195. 

180. Soares de Oliveira-Szejnfeld P, Levine D, Melo AS de O, Amorim MMR, Batista AGM, 
Chimelli L, Tanuri A, Aguiar RS, Malinger G, Ximenes R, Robertson R, Szejnfeld J, Tovar-
Moll F. Congenital Brain Abnormalities and Zika Virus: What the Radiologist Can Expect to 
See Prenatally and Postnatally. Radiology 2016; 281: 203-218. 

181. de Fatima Vasco Aragao M, van der Linden V, Brainer-Lima AM, Coeli RR, Rocha MA, 
Sobral da Silva P, Durce Costa Gomes de Carvalho M, van der Linden A, Cesario de 
Holanda A, Valenca MM. Clinical features and neuroimaging (CT and MRI) findings in 
presumed Zika virus related congenital infection and microcephaly: retrospective case 
series study. BMJ 2016; 353 :i1901.

182. De Paula Freitas B, De Oliveira Dias JR, Prazeres J, Sacramento GA, Ko AI, Maia M, 
Belfort R. Ocular findings in infants with microcephaly associated with presumed zika virus 
congenital infection in Salvador, Brazil. JAMA Ophthalmol 2016; 134: 529-535. 

183. Ventura C V, Maia M, Ventura B V, Linden V Van Der, Araújo EB, Ramos RC, Rocha 
MAW, Carvalho MDCG, Belfort R, Ventura LO. Ophthalmological findings in infants with 
microcephaly and presumable intra-uterus Zika virus infection. Arq Bras Oftalmol 2016; 79: 
1-3.

Page 41 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

184. Costello A, Dua T, Duran P, Gülmezoglu M, Oladapo OT, Perea W, Pires J, Ramon-Pardo 
P, Rollins N, Saxena S. Defining the syndrome associated with congenital Zika virus 
infection. Bull World Health Organ 2016; 94: 406-406A. 

185. França GVA, Schuler-Faccini L, Oliveira WK, Henriques CMP, Carmo EH, Pedi VD, Nunes 
ML, Castro MC, Serruya S, Silveira MF, Barros FC, Victora CG. Congenital Zika virus 
syndrome in Brazil: a case series of the first 1501 livebirths with complete investigation. 
Lancet 2016; 388: 891-897. 

186. van der Linden V, Pessoa A, Dobyns W, Barkovich AJ, Júnior H van der L, Filho ELR, 
Ribeiro EM, Leal M de C, Coimbra PP de A, Aragão M de FVV, Verçosa I, Ventura C, 
Ramos RC, Cruz DDCS, Cordeiro MT, Mota VMR, Dott M, Hillard C, Moore CA. 
Description of 13 Infants Born During October 2015-January 2016 With Congenital Zika 
Virus Infection Without Microcephaly at Birth - Brazil. MMWR Morb Mortal Wkly Rep 2016; 
65: 1343-1348. 

187. Cauchemez S, Besnard M, Bompard P, Dub T, Guillemette-Artur P, Eyrolle-Guignot D, 
Salje H, Van Kerkhove MD, Abadie V, Garel C, Fontanet A, Mallet H-P. Association 
between Zika virus and microcephaly in French Polynesia, 2013-15: a retrospective study. 
Lancet (London, England) 2016; 387: 2125-2132. 

188. Honein MA, Dawson AL, Petersen EE, Jones AM, Lee EH, Yazdy MM, Ahmad N, 
Macdonald J, Evert N, Bingham A, Ellington SR, Shapiro-Mendoza CK, Oduyebo T, Fine 
AD, Brown CM, Sommer JN, Gupta J, Cavicchia P, Slavinski S, White JL, Owen SM, 
Petersen LR, Boyle C, Meaney-Delman D, Jamieson DJ. Birth defects among fetuses and 
infants of US women with evidence of possible zika virus infection during pregnancy. JAMA 
- J Am Med Assoc 2017; 317: 59-68. 

189. Shapiro-Mendoza CK, Rice ME, Galang RR, Fulton AC, VanMaldeghem K, Prado MV, Ellis 
E, Anesi MS, Simeone RM, Petersen EE, Ellington SR, Jones AM, Williams T, Reagan-
Steiner S, Perez-Padilla J, Deseda CC, Beron A, Tufa AJ, Rosinger A, Roth NM, Green C, 
Martin S, Lopez CD, DeWilde L, Goodwin M, Pagano HP, Mai CT, Gould C, Zaki S, Ferrer 
LN, Davis MS, Lathrop E, Polen K, Cragan JD, Reynolds M, Newsome KB, Huertas MM, 
Bhatangar J, Quiñones AM, Nahabedian JF, Adams L, Sharp TM, Hancock WT, 
Rasmussen SA, Moore CA, Jamieson DJ, Munoz-Jordan JL, Garstang H, Kambui A, 
Masao C, Honein MA, Meaney-Delman D, Zika Pregnancy and Infant Registries Working 
Group. Pregnancy Outcomes After Maternal Zika Virus Infection During Pregnancy - U.S. 
Territories, January 1, 2016-April 25, 2017. MMWR Morb Mortal Wkly Rep 2017; 66: 615-
621. 

190. Pomar L, Malinger G, Benoist G, Carles G, Ville Y, Rousset D, Hcini N, Pomar C, Jolivet A, 
Lambert V. Association between Zika virus and fetopathy: a prospective cohort study in 
French Guiana. Ultrasound Obstet Gynecol 2017; 49: 729-736.

191. Pomar L, Vouga M, Lambert V, Pomar C, Hcini N, Jolivet A, Benoist G, Rousset D, 
Matheus S, Malinger G, Panchaud A, Carles G, Baud D. Maternal-fetal transmission and 
adverse perinatal outcomes in pregnant women infected with Zika virus: prospective cohort 
study in French Guiana. BMJ 2018; 363: k4431.

192. Kurtz AB, Wapner RJ, Rubin CS, Cole-Beuglet C, Ross RD, Goldberg BB. Ultrasound 
criteria for in utero diagnosis of microcephaly. J Clin Ultrasound 1980; 8: 11-16. 

193. Calvet G, Aguiar RS, Melo ASO, Sampaio SA, de Filippis I, Fabri A, Araujo ESM, de 
Sequeira PC, de Mendonça MCL, de Oliveira L, Tschoeke DA, Schrago CG, Thompson FL, 
Brasil P, Dos Santos FB, Nogueira RMR, Tanuri A, de Filippis AMB. Detection and 
sequencing of Zika virus from amniotic fluid of fetuses with microcephaly in Brazil: a case 

Page 42 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

study. Lancet Infect Dis 2016; 16: 653-660. 
194. PHE. Zika Virus Congenital Infection: Guidance for Neonatologists and Paediatricians.; 

2016.

172

Page 43 of 68

John Wiley & Sons, Ltd.

Ultrasound in Obstetrics and Gynecology



For Peer Review

174 Table 1. Ultrasound signs suggestive of congenital infection

Cranial abnormalities Extra-cranial abnormalities
Placental/Amniotic 
fluid abnormalities

Ventriculomegaly Small for gestational age Placentomegaly
Calcifications Hyperechogenic bowel Placental calcifications

Intraventricular synechiae Hepatomegaly-splenomegaly
Oligohydramnios/anhydr
amnios

Cerebellar abnormalities: 
vermian hypoplasia, cerebellar 
hemorrhage, calcifications, 
cysts Liver calcifications Polyhydramnios
Periventricular pseudocysts Ascites
Malformations of cortical 
development: lissencephaly-
pachygyria, oligo-/pachygyria, 
polymicrogyria, schizencephaly Pericardial effusion
Microcephaly Skin edema

Hydrops or fetal anaemia 
(middle cerebral artery peak 
systolic velocity above 1.5 
multiples of median) in the 
absence of maternal atypical 
antibodies
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177 Table 2. The frequency of abnormal ultrasound findings in pregnancies complicated by 
178 congenital cytomegalovirus infection (Guerra 2008)

Ultrasound finding Frequency (%)
Ventriculomegaly 4.5-11.6
Calcifications 0.6-17.4
Microcephaly 14.5
Subependymal cysts 11.6
Intrauterine growth retardation 1.9-13
Hyperechogenic bowel 4.5-13
Hepatomegaly 4.3
Liver calcifications 1.4
Placentomegaly, calcifications 4.3
Ascites 8.7
Pericardial effusion 7.2
Hydrops 0.6
Hyperechogenic kidneys 4.3
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180 Table 3. Criteria to define a moderately-infected fetus, according to the inclusion criteria in 
181 the study by Leruez-Ville et al (Leruez-Ville 2016).
182 Leruez-Ville M, Ghout I, Bussieres L, Stirnemann J, Magny JF, Couderc S, et al. In utero 
183 treatment of congenital cytomegalovirus infection with valacyclovir in a multicenter, open-
184 label, phase II study. Am J Obstet Gynecol 2016;215:462.e1-462.e10.

At least 1 extracerebral abnormality 
compatible with fetal CMV infection  
 Fetal growth restriction
 Abnormal amniotic fluid volume
 Ascites and/or pleural effusion
 Skin oedema
 Hydrops
 Placentomegaly >40mm
 Hyperechogenic bowel
 Hepatomegaly >40mm
 Splenomegaly >30mm
 Liver calcifications
And/or 1 isolated cerebral abnormality  
 Moderate isolated ventriculomegaly (<15mm)
 Isolated cerebral calcification
 Isolated intraventricular adhesion
 Vasculopathy of lenticulostriate vessels
And/or laboratory findings of generalised 
CMV infection in fetal blood  
 Fetal viraemia >3000 copies/mL
 Fetal platelet count <100,000/mm3

185
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188 Table 4. Risk of Toxoplasma gondii congenital infection (transmission) and development of clinical signs in offspring before age 3 years, 
189 according to gestational age at maternal seroconversion (Dunn 1999).

Gestational age at maternal 
seroconversion, weeks

Risk of congenital 
infection (95% CI), %

Development of 
clinical signs in the 
infected offspring 
(95% CI), %

Risk of development of clinical 
signs when infection status is 
unknown, %

13 6 (3-9) 61 (34-85) 4
26 40 (33-47) 25 (18-33) 10
36 72 (60-81) 9 (4-17) 7

190 Dunn D, Wallon M, Peyron F, Petersen E, Peckham C, Gilbert R. Mother-to-child transmission of toxoplasmosis: risk estimates for clinical 
191 counselling. Lancet 1999; 353:1829–33.
192 Montoya JG, Remington JS. Management of Toxoplasma gondii infection during pregnancy. Clin Infect Dis 2008;47:554-66. 
193
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195 Table 5. Interpretation of results of serological tests for toxoplasmosis performed at clinical (non-reference) laboratories.
IgG test 
result

IgM test 
result Clinical relevance

Negative Negative No evidence of maternal infection during pregnancy. 

Positive Negative

During the first or second trimester, likely indicated pre-pregnancy infection. If in the third trimester, this result is more 
difficult to interpret. Although it is most consistent with an infection acquired pre-pregnancy, in some patients, this 
result may reflect an infection that was acquired early in gestation and that was accompanied by an increase in the 
IgM titer and a decrease to non-detectable levels within a relatively brief period of time.

Negative
Positive or 
equivocal

Positive (or equivocal) IgM test result should be followed by confirmatory testing at a Toxoplasma reference 
laboratory. IgM antibodies are detected early in the acute infection and may persist for years.

Positive
Positive or 
equivocal

Positive (or equivocal) IgM test result should be followed by confirmatory testing at a Toxoplasma reference 
laboratory. IgM antibodies are detected early in the acute infection and may persist for years.

196 Montoya JG, Remington JS. Management of Toxoplasma gondii infection during pregnancy. Clin Infect Dis 2008;47:554-66. 
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197 Table 6. Ultrasound abnormalities in fetuses infected by Parvovirus B19 (from Benoist G and 
198 Ville Y. Fetal infections.  In: Rodeck CH, Whittle MJ, eds. Fetal Medicine: Basic science and 
199 clinical practice. London: Churchill Livingstone, 2009.)
200

Cardiac system  Increased cardiac biventricular outer diameter
 Myocarditis

Non-immune hydrops 
fetalis

 Pleural effusion
 Pericardial effusion
 Ascites
 Abdominal wall oedema
 Bilateral hydroceles
 Amniotic fluid disorder

Brain abnormalities*  Hydrocephalus
 Microcephaly
 Intracranial calcification

Gastrointestinal system  Fetal liver calcification
 Meconium peritonitis

Other findings  Sporadic cases of contractures
 Increased nuchal translucency
 Intrauterine growth restriction

201
202 *Following brain haemorrhage
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204 Table 7. A list of the fetal and neonatal abnormalities reported in pregnancies with Congenital 
205 Zika Syndrome (CZS) (Brasil 2016; Chibueze 2017; Brasil 2016; Hazin 2016; Soares 2016; de 
206 Fatima 2016; de Paula 2016; Ventura 2016). Adapted from Public Health England. Zika virus 
207 congenital infection: interim guidance for neonatologists and paediatricians (Public Health 
208 England 2016).
209 Public Health England: Zika virus congenital infection: interim guidance for neonatologists and 
210 paediatricians. 
211 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/543979/Zika_neo
212 natal_guidance.pdf (2016). Accessed 16 August 2017.

Neuro-imaging Findings Clinical Findings
Cerebral and cerebellar atrophy Microcephaly
Cerebral calcifications Craniofacial disproportion
Cortical and white matter abnormalities (e.g. 
agyria, pachygyria, lissencephaly)

Redundant scalp skin

Ventriculomegaly Closed anterior fontanelle
Internal hydrocephalus Exuberant external occipital protuberance
Periventricular cysts Intrauterine growth restriction
Choroid plexus cyst Contractures
Blake’s cyst Talipes
Mega cisterna magna Umbilical hernia
Vermian dys-/agenesis Hypertonia or spasticity
Callosal abnormalities Hyperreflexia
Brain stem/spinal cord degeneration Irritability
Ocular abnormalities (intraocular calcifications, 
cataracts, microphthalmia, macular alterations, 
optic nerve abnormalities

Convulsions, tremors

Hearing and visual abnormalities
213
214 Brasil P, Pereira JP Jr, Raja Gabaglia C, et al. Zika Virus Infection in Pregnant Women in 
215 Rio de Janeiro - Preliminary Report. N Engl J Med 2016. doi:10.1056/NEJMoa1602412
216 Chibueze EC, Tirado V, da Silva Lopes K, et al. Zika virus infection in pregnancy: a 
217 systematic review of disease course and complications. Reproductive Health 2017;14:28 
218 DOI: 10.1186/s12978-017-0285-6
219 Brasil P, Pereira Jr JP, Moreira ME, et al. Zika Virus Infection in Pregnant Women in Rio de 
220 Janeiro. N Engl J Med 2016; 375:2321-2334.
221 Hazin AN, Poretti A, TurchiMartelli CM, et al. Computed tomographic findings in 
222 microcephaly associated with Zika virus. N Engl J Med 2016;374:2193–5.
223 Soares de Oliveira-SzejnfeldP,  Levine D, Suely de Oliveira Melo A, et al. Congenital Brain 
224 Abnormalities and Zika Virus: What the Radiologist Can Expect to See Prenatally and 
225 Postnatally. Radiology. 2016;281:2. 
226 de Fatima Vasco Aragao M, van der Linden V, Brainer-Lima AM, et al. Clinical features and 
227 neuroimaging (CT and MRI) findings in presumed Zika virus related congenital infection and 
228 microcephaly: retrospective case series study. BMJ 2016;353:i1901.
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229 de Paula FrietasB, de Oliviera Dias JR, Prazeres J, et al. Ocular findings in infants with 
230 microcephaly associated with presumed Zika virus congenital infection in Salvador, Brasil. 
231 JAMA Ophthalmol 2016. Doi: 10.1001/jamaophthalmol.2016.0267.
232 Ventura CV, Maia M, Ventura BV, et al. Ophthalmological findings in infants with 
233 microcephaly and presumable intra-uterus Zika virus infection. Arq Bras Oftalmol 2016;79:1-
234 3.
235
236
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238 Classification of evidence levels
239 1++ High-quality meta-analyses, systematic reviews of randomized controlled trials or 
240 randomized controlled trials with a very low risk of bias
241 1+ Well-conducted meta-analyses, systematic reviews of randomized controlled trials or 
242 randomized controlled trials with a low risk of bias
243 1- Meta-analyses, systematic reviews of randomized controlled trials or randomized 
244 controlled trials with a high risk of bias
245 2++ High-quality systematic reviews of case-control or cohort studies or high-quality case-
246 control or cohort studies with a very low risk of confounding, bias or chance and a high 
247 probability that the relationship is causal
248 2+ Well-conducted case-control or cohort studies with a low risk of confounding, bias or 
249 chance and a moderate probability that the relationship is causal
250 2- Case-control or cohort studies with a high risk of confounding, bias or chance and a 
251 significant risk that the relationship is not causal
252 3 Non-analytical studies, e.g. case reports, case series
253 4 Expert opinion
254
255 Grades of recommendations
256 A At least one meta-analysis, systematic review or randomised controlled trial rated as 1++ 
257 and directly applicable to the target population; or a systematic review of randomised controlled 
258 trials or a body of evidence consisting principally of studies rated as 1+ directly applicable to the 
259 target population and demonstrating overall consistency of results
260 B A body of evidence including studies rated as 2++ directly applicable to the target 
261 population, and demonstrating overall consistency of results; or extrapolated evidence from 
262 studies rated as 1++ or 1+
263 C A body of evidence including studies rated as 2+ directly applicable to the target 
264 population and demonstrating overall consistency of results; or extrapolated evidence from 
265 studies rated as 2++
266 D Evidence level 3 or 4; or extrapolated evidence from studies rated as 2+
267 GPP Recommended best practice based on the clinical experience of the guideline 
268 development group
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270 FIGURE LEGENDS
271
272 Figure 1. Ultrasound findings in fetuses with congenital CMV infection. They can be categorized 
273 as fetal cranial, fetal extracranial, and placenta/amniotic fluid abnormality.  The ultrasonographic 
274 cranial features of CMV infection vary but include ventriculomegaly, microcephaly, calcifications, 
275 increased periventricular echogenicity or halo, periventricular pseudocysts, intraventricular 
276 synechiae, abnormalities of cortical development and of the cerebellum and posterior fossa, or 
277 cerebral hemorrhage. Extracranial fetal abnormalities also vary but include splenomegaly, 
278 hepatomegaly, hyperechogenic bowel, isolated pleural or pericardial effusion, ascites, fetal 
279 hydrops and cardiomegaly.
280
281 Figure 2. Proposed management of congenital CMV infection (adopted from Benoist et al 2013) 

282 Figure 3. Ultrasound findings in fetuses with congenital toxoplasma infection.
283
284 Figure 4. Ultrasound findings in fetuses with congenital parvovirus B19
285
286 Figure 5. Investigation for parvovirus B19 of pregnant women exposed to rash illness. (Adapted 
287 from the 2000 Public Health Laboratory Service Working Party on ‘Rash Diagnosis in 
288 Pregnancy and Rubella Screening’, subsequently reported)
289
290 Figure 6. Technique of measuring the middle cerebral artery Doppler
291
292 Figure 7. Ultrasound findings in fetuses with congenital rubella
293
294
295
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Figure 1a. Ultrasound findings in fetuses with congenital CMV infection. They can be categorized as fetal 
cranial, fetal extracranial, and placenta/amniotic fluid abnormality.  The ultrasonographic cranial features of 

CMV infection vary but include ventriculomegaly, microcephaly, calcifications, increased periventricular 
echogenicity or halo, periventricular pseudocysts, intraventricular synechiae, abnormalities of cortical 

development and of the cerebellum and posterior fossa, or cerebral hemorrhage. Extracranial fetal 
abnormalities also vary but include splenomegaly, hepatomegaly, hyperechogenic bowel, isolated pleural or 

pericardial effusion, ascites, fetal hydrops and cardiomegaly. 
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Figure 1b. Ultrasound findings in fetuses with congenital CMV infection. They can be categorized as fetal 
cranial, fetal extracranial, and placenta/amniotic fluid abnormality.  The ultrasonographic cranial features of 

CMV infection vary but include ventriculomegaly, microcephaly, calcifications, increased periventricular 
echogenicity or halo, periventricular pseudocysts, intraventricular synechiae, abnormalities of cortical 

development and of the cerebellum and posterior fossa, or cerebral hemorrhage. Extracranial fetal 
abnormalities also vary but include splenomegaly, hepatomegaly, hyperechogenic bowel, isolated pleural or 

pericardial effusion, ascites, fetal hydrops and cardiomegaly. 
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Figure 1c. Ultrasound findings in fetuses with congenital CMV infection. They can be categorized as fetal 
cranial, fetal extracranial, and placenta/amniotic fluid abnormality.  The ultrasonographic cranial features of 

CMV infection vary but include ventriculomegaly, microcephaly, calcifications, increased periventricular 
echogenicity or halo, periventricular pseudocysts, intraventricular synechiae, abnormalities of cortical 

development and of the cerebellum and posterior fossa, or cerebral hemorrhage. Extracranial fetal 
abnormalities also vary but include splenomegaly, hepatomegaly, hyperechogenic bowel, isolated pleural or 

pericardial effusion, ascites, fetal hydrops and cardiomegaly. 
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Figure 1d. Ultrasound findings in fetuses with congenital CMV infection. They can be categorized as fetal 
cranial, fetal extracranial, and placenta/amniotic fluid abnormality.  The ultrasonographic cranial features of 

CMV infection vary but include ventriculomegaly, microcephaly, calcifications, increased periventricular 
echogenicity or halo, periventricular pseudocysts, intraventricular synechiae, abnormalities of cortical 

development and of the cerebellum and posterior fossa, or cerebral hemorrhage. Extracranial fetal 
abnormalities also vary but include splenomegaly, hepatomegaly, hyperechogenic bowel, isolated pleural or 

pericardial effusion, ascites, fetal hydrops and cardiomegaly. 
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Figure 1e. Ultrasound findings in fetuses with congenital CMV infection. They can be categorized as fetal 
cranial, fetal extracranial, and placenta/amniotic fluid abnormality.  The ultrasonographic cranial features of 

CMV infection vary but include ventriculomegaly, microcephaly, calcifications, increased periventricular 
echogenicity or halo, periventricular pseudocysts, intraventricular synechiae, abnormalities of cortical 

development and of the cerebellum and posterior fossa, or cerebral hemorrhage. Extracranial fetal 
abnormalities also vary but include splenomegaly, hepatomegaly, hyperechogenic bowel, isolated pleural or 

pericardial effusion, ascites, fetal hydrops and cardiomegaly. 
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Figure 1f. Ultrasound findings in fetuses with congenital CMV infection. They can be categorized as fetal 
cranial, fetal extracranial, and placenta/amniotic fluid abnormality.  The ultrasonographic cranial features of 

CMV infection vary but include ventriculomegaly, microcephaly, calcifications, increased periventricular 
echogenicity or halo, periventricular pseudocysts, intraventricular synechiae, abnormalities of cortical 

development and of the cerebellum and posterior fossa, or cerebral hemorrhage. Extracranial fetal 
abnormalities also vary but include splenomegaly, hepatomegaly, hyperechogenic bowel, isolated pleural or 

pericardial effusion, ascites, fetal hydrops and cardiomegaly. 
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Figure 1g. Ultrasound findings in fetuses with congenital CMV infection. They can be categorized as fetal 
cranial, fetal extracranial, and placenta/amniotic fluid abnormality.  The ultrasonographic cranial features of 

CMV infection vary but include ventriculomegaly, microcephaly, calcifications, increased periventricular 
echogenicity or halo, periventricular pseudocysts, intraventricular synechiae, abnormalities of cortical 

development and of the cerebellum and posterior fossa, or cerebral hemorrhage. Extracranial fetal 
abnormalities also vary but include splenomegaly, hepatomegaly, hyperechogenic bowel, isolated pleural or 

pericardial effusion, ascites, fetal hydrops and cardiomegaly. 
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Figure 2. Proposed management of congenital CMV infection (adopted from Benoist et al 2013) 
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Figure 3. Ultrasound findings in fetuses with congenital toxoplasma infection 
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Figure 4. Ultrasound findings in fetuses with congenital parvovirus B19 
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Figure 5. Investigation for parvovirus B19 of pregnant women exposed to rash illness. (Adapted from the 
2000 Public Health Laboratory Service Working Party on ‘Rash Diagnosis in Pregnancy and Rubella 

Screening’, subsequently reported) 
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Figure 6a. Technique of measuring the middle cerebral artery Doppler 
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Figure 6b. Technique of measuring the middle cerebral artery Doppler 
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Figure 6c. Technique of measuring the middle cerebral artery Doppler 
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Figure 7. Ultrasound findings in fetuses with congenital rubella 
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