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 Introduction 

 Congenital cytomegalovirus (cCMV) infections occur 
frequently with a birth prevalence of around 1%, of which 
11% of the infants will be symptomatic at birth  [1] . Trans-
mission of CMV can occur due to a maternal primary 
infection in previously seronegative women or after a 
non-primary infection (reactivation of an endogenous 
strain or reinfection with a new CMV strain) in women 
with preconceptional immunity  [2] . Vertical transmis-
sion to the fetus during a maternal primary infection oc-
curs in about 30%  [3, 4]  and during non-primary infec-
tions in about 1–2% of pregnancies  [1] , although this rate 
may be higher  [2] . Maternal primary infections early in 
pregnancy occur less frequently but are thought to carry 
the highest risk of fetal abnormalities as seen by ultra-
sound (US) and/or symptomatic disease at birth  [3, 4] . 
This has not been established for non-primary infections. 
CMV-associated fetal US abnormalities are broadly de-
fined as cerebral or extracerebral and can be transient, 
non-specific, and may occur in any trimester. Extracere-
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 Abstract 

  Background:  Congenital cytomegalovirus (cCMV) infections 
are the most prevalent intrauterine infections worldwide 
and are the result of maternal primary or non-primary infec-
tions. Early maternal primary infections are thought to carry 
the highest risk of fetal developmental abnormalities as seen 
by ultrasound; however, non-primary infections may prove 
equally detrimental.  Methods/Results:  This case series pre-
sents 5 cases with fetal abnormalities detected in the second 
and third trimester, in which cCMV infection was ruled out 
due to negative maternal CMV-IgM.  Discussion:  This series 
highlights the possible pitfalls in serology interpretation and 
fetal diagnosis necessary for appropriate parental counsel-
ing. Once fetal abnormalities have been confirmed and 
cCMV is suspected, maternal CMV serostatus and fetal infec-
tion should be determined. Maternal CMV serology may be 
ambiguous; therefore, caution should be exercised when in-
terpreting the results.  © 2017 The Author(s)
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bral US abnormalities include intrauterine growth re-
striction, hydrops, hepatomegaly, and echogenic bowel 
 [5] . Cerebral US anomalies can be mild (lenticulostriate 
vasculopathy [LSV], germinolytic cysts, mild ventricular 
dilatation, periventricular echogenicity) or more severe 
(cystic lesions in the white matter, moderate to severe 
ventricular dilatation, cerebellar hypoplasia, polymicro-
gyria and lissencephaly, microcephaly)  [6–8] . In the pres-
ence of cerebral abnormalities, there is a high risk of ad-
verse neurodevelopmental outcomes  [7, 9] . Primary in-
fections are recognized by CMV-immunoglobulin G 
(IgG) seroconversion or positive CMV-immunoglobulin 
M (IgM) with a low IgG avidity index (AI)  [1] . When 
looking at CMV-IgM kinetics following primary infec-
tion, peak levels are seen in the first 1–3 months, after 
which the titers begin to decrease  [10] . Occasionally, per-
sistent (low) levels of CMV-IgM can be detected >3 
months or up to a year  [10] . Non-primary infections are 
difficult to diagnose but may be recognized by positive 
CMV-IgG prior to conception/early gestation in combi-
nation with a positive CMV-IgM and CMV-IgG with a 
high IgG AI and/or a significant increase in CMV-IgG 
titer during gestation  [1, 10, 11] . When the type of mater-
nal infection cannot be classified on the basis of CMV-
IgM, CMV-IgG AI may aid in distinguishing between 
primary and non-primary infection  [12, 13] . A high IgG 
AI is usually seen around 5–6 months following primary 
infection. Dating the timing of the infection through ma-
ternal serology is difficult, and interpretation of the re-
sults is not always straightforward, especially because 
samples are often collected long after the maternal CMV 
infection has occurred. Here we report 5 cases with fetal 
anomalies in the second and third trimester, whereby 
cCMV infection was initially considered unlikely because 
maternal CMV-IgM was negative at the time of presenta-
tion.

  Case Presentation and Results  

 Case 1 
 Case 1 was referred at 20 weeks’ gestation (WG) be-

cause of fetal echogenic bowels. Amniocentesis and ma-
ternal serology testing for CMV and toxoplasmosis were 
offered but declined. Genetic carrier testing of both par-
ents revealed no mutation on the CFTR gene, and there-
fore cystic fibrosis was considered unlikely. The US at 32 
WG to monitor bowel development showed reduced 
echogenicity but now revealed extensive bilateral LSV 
( Fig. 1 a). Maternal CMV serology was tested at this time 

and was indicative of CMV infection in the past ( Table 1 ). 
At 40 + 1 WG a female infant was born with a birth weight 
of 3,460 g (percentile [p] 45), a length of 52 cm (p50), a 
head circumference (HC) of 36 cm (p50), and Apgar 
scores of 8/10/10. The infant had widespread petechiae, 
hepatosplenomegaly, and thrombocytopenia (44 × 
10 9 /L). Cranial US on day of life (DOL) 1 indicated exten-
sive bilateral LSV, white matter calcifications, and bilat-
eral germinolytic cysts. Urine CMV polymerase chain re-
action (PCR) tested positive, confirming cCMV infec-
tion. Hearing and ophthalmological tests were normal. 
The infant was treated with valganciclovir for 6 weeks. 
MRI performed at 5 months of age showed white matter 
signal intensity changes and resolution of the germino-
lytic cysts. First trimester maternal serum was tested in 
retrospect and was indicative of a primary CMV infection 
( Table  1 ). The Alberta Infant Motor Scale and Bayley 
Scales of Infant and Toddler Development (BSITD-III) at 
12 months of age showed mild neurodevelopmental im-
pairment. 

  Case 2 
 Case 2   was referred at 30 + 2 WG due to mild bilateral 

ventriculomegaly. This was a repeat US after a routine US 
at 20 WG showed mild hydronephrosis, which had now 
normalized. Maternal serology was negative for toxoplas-
mosis and indicated CMV infection in the past ( Table 1 ). 
The dilatation was initially progressive and eventually 
stabilized at 35 WG. At 38 WG a female infant was born 
with a birth weight of 2,750 g (p20), a length of 54 cm 
(>p97), a HC of 33 cm (p20), Apgar scores of 8/9/10, and 

a b

  Fig. 1.   a  Case 1: fetal US at 32 weeks’ gestation, coronal plane, 
showing bilateral LSV.  b  Case 5: MRI, axial T2-weighted sequence, 
showing ventriculomegaly, increased signal intensity throughout 
the white matter, a small hemorrhage in the white matter (right 
occipital), and bilateral extensive polymicrogyria. 
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no physical symptoms. Laboratory analysis revealed 
thrombocytopenia (114 × 10 9 /L), resolving spontaneous-
ly by DOL 8. Cranial US performed on DOL 1 showed 
bilateral ventriculomegaly, bilateral LSV, germinolytic 
cysts, and a cyst in the right temporal lobe. MRI was car-
ried out on DOL 2 and showed high signal intensity in the 
white matter, bilateral: germinolytic cysts, subependymal 
cysts, large temporal cysts, and small occipital cysts. Urine 
CMV PCR tested positive on DOL 2, confirming cCMV 
infection. Hearing and ophthalmological tests were nor-
mal. The infant was treated with valganciclovir for 6 
weeks. First-trimester maternal serum could not be tested 
retrospectively as it was discarded. The Griffiths Mental 
Developmental Scales (GMDS) assessment at 36 months 
was within the normal range (developmental quotient 
100), and her hearing was normal. 

  Case 3 
 Case 3 was referred at 21 + 4 WG due to a HC <p3, a 

femur length <p3, an enlarged heart, oligohydramnios, 
and echogenic bowels. Advanced US confirmed these 
findings and additionally revealed fetal hydrops and a 
thickened nuchal fold. Maternal serology was tested and 
was negative for toxoplasmosis, enteroviruses, parvovirus 
B19, and varicella zoster virus and showed CMV infec-
tion in the past ( Table 1 ). Amniocentesis was performed 
at 22 + 4 WG revealing a genetic duplication and deletion, 

which was also present in the mother and therefore not 
considered causative. CMV PCR was not carried out at 
this point. Fetal growth stagnated at 23 + 3 WG with HC 
<p3 and an increase in fetal hydrops. Parents were coun-
seled about the risk of a poor outcome and chose to ter-
minate the pregnancy. At 23 + 6 WG a male infant was 
born weighing 573 g (p10–20). Autopsy confirmed the 
pericardial effusion and ascites but not intrauterine 
growth restriction (HC p20–50, femur length p20–50). 
The heart had a dilated left ventricle and a small atrium-
septum defect. Immunohistochemical staining was posi-
tive for CMV in the pancreas, spine, liver, lung, kidneys, 
and placenta, and severe cytomegalic inclusion bodies 
were found throughout the brain, confirming cCMV in-
fection. Retrospective analysis after fetal autopsy of first-
trimester maternal serum and amniotic fluid revealed 
CMV infection in the past and a positive CMV PCR, re-
spectively. Unfortunately, a CMV-IgG AI was not possi-
ble to determine as no serum was available for additional 
tests. 

  Case 4 
 Case 4 was referred at 21 + 6 WG due to a HC <p5. 

Advanced US revealed a HC at p3 and cerebellar hypo-
plasia (transcerebellar diameter <p3). Second-trimester 
maternal serology was negative for toxoplasmosis and in-
dicated CMV infection in the past ( Table 1 ). Amniocen-

 Table 1. Characteristics of 5 fetuses with US findings suggestive of CMV infection and maternal serology

Case Maternal GA at first 
presentation

Fetal US anomalies GA at
testing

CMV serology at time of 
US (2T/3T)

GA at
testing

 CMV serology at 1T Interpre-
tation

IgM IgG avidity Ig M IgG avidity

1 G4P2 20 Echogenic bowels, LSV
(at GA 32)

32 – + 0.88a 12 + + 0.27a Primary 
infection

2 G2P1 30 + 2 VM 32 + 4 – + 0.95a n.a. n.a. n.a. n.a. Unknown

3 G2P1 21 + 4 HC <p3, FL <p3, enlarged 
heart, oligohydramnios, 
echogenic bowels, FH, 
thickened nuchal fold

21 + 4 – + 0.74a 8 + 3 – + n.a. Probable 
primary 
infection

4 G2P1 21 + 6 HC p3, cerebellum <p3 21 + 6 – + 0.68a 13 + + 0.62b Non-primary 
infection

5 G1P0 22 + 2 HC <p3, echogenic bowel 22 + 2 – + 0.96a 12 - + 0.91a Non-primary 
infection

 CMV, cytomegalovirus; GA, gestational age in weeks + days; 1T, first trimester; 2T, second trimester; 3T, third trimester; IgM, immunoglobulin M; IgG, 
immunoglobulin G; HC, head circumference; FL, femur length; LSV, lenticulostriate vasculopathy; US, ultrasound; VM, ventriculomegaly; FH, fetal hydrops; 
n.a., not available. 

a VIDAS, bioMérieux CMV IgG avidity index (AI) (high AI: >0.65, intermediate AI: 0.65 – 0.40, low AI: <0.40). b LIAISON XL, DiaSorin CMV IgG AI 
(high AI: >0.25, intermediate AI: 0.25 – 0.15, low AI: <0.15).
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tesis ruled out chromosomal abnormalities; CMV PCR 
was not performed. A repeat US at 22 + 5 WG showed 
persistence of HC <p3 and cerebellar hypoplasia (<p3). 
Parents were counseled about the poor prognosis and de-
cided to terminate the pregnancy. Autopsy revealed a fe-
male infant weighing 595 g (p20–50), with no exterior 
abnormalities. The small cerebellum was confirmed 
alongside a small brain (p5). Microscopic examination 
showed CMV inclusion bodies in the kidneys, pituitary 
gland, and throughout the cerebellum and cerebrum, 
confirming cCMV infection. Due to the discrepant re-
sults between second-trimester maternal serology and 
autopsy findings, first-trimester (in retrospect) and post-
partum maternal serum were tested for CMV. First-tri-
mester maternal serum revealed a possible non-primary 
infection with positive CMV-IgM and a high IgG AI ( Ta-
ble 1 ). Postpartum serology was the same as in the first-
trimester sample, however with an increase of the IgG AI. 

  Case 5 
 Case 5 was referred at 22 + 2 WG due to a HC <p3, 

echogenic bowels, and oligohydramnios. Advanced US 
confirmed these findings. Maternal serology was tested at 
22 + 2 WG revealing CMV infection in the past ( Table 1 ) 
and no signs of toxoplasmosis, rubella virus,  Treponema 
pallidum , or varicella zoster virus. Amniocentesis was de-
clined, and the parents decided to continue the pregnancy. 
Throughout the pregnancy, HC and cerebellar growth re-
mained below p3. At 37 + 4 WG a female infant was born 
weighing 2,890 g (p20–50), with a length of 47 cm (p10–
20), a HC of 32 cm (p3), and Apgar scores of 7/7/9. The 
infant had widespread petechiae, purpura, hepatospleno-
megaly, thrombocytopenia (30 × 10 9 /L), conjugated hy-
perbilirubinemia (total 455 μmol/L, direct >170 μmol/L), 
and prolonged partial thromboplastin (25.0 s) and acti-
vated thromboplastin time (51 s). Cranial US on DOL 1 
showed mild bilateral ventriculomegaly, a smooth aspect 
of the cortex, and bilateral LSV. MRI was performed on 
DOL 3 showing extensive polymicrogyria, intraventricu-
lar hemorrhage, subdural hemorrhage, supra- and in-
fratentorial hemorrhagic lesions in the white matter, and 
multiple punctate hemorrhages in the cerebellum ( Fig.
1 b). Urine CMV PCR on DOL 1 was positive, confirming 
cCMV infection. Ophthalmological examination revealed 
lesions suggestive of chorioretinitis in one eye. Hearing 
was not tested. Her clinical condition deteriorated on 
DOL 3. Due to the poor prognosis, intensive care was not 
intensified and the infant died. Postmortem examination 
was declined. First-trimester serum was retrospectively 
tested and indicated CMV infection in the past ( Table 1 ). 

  Discussion 

 This series describes fetal anomalies suggestive of 
CMV infection, whereby maternal serology at the time of 
anomaly detection was CMV-IgM negative. Vertical 
CMV transmission was therefore considered unlikely in 
all cases. In the Netherlands, pregnant women are not 
screened for CMV but are routinely tested in the first tri-
mester for HIV, syphilis, and hepatitis B. At 20 WG a 
routine sonogram is offered. When abnormalities are 
found, women are referred for an advanced US and, when 
needed, further diagnostics such as maternal serology 
testing and/or amniocentesis are offered. A pre- and post-
natal national guideline is available when CMV infection 
is suspected. In practice, however, when maternal serol-
ogy is suggestive of a CMV infection in the past due to 
absence of CMV-IgM, the possibility of vertical transmis-
sion is often ruled out. This series highlights the inhomo-
geneous presentation of maternal CMV serology, stresses 
the need for cautious interpretation, and warrants mul-
tiple diagnostic steps  [14] . In all cases, the diagnosis of 
cCMV infection was made postpartum due to infant 
symptomatology or fetal autopsy findings. A crucial al-
beit obvious learning point lays in the fact that in all cas-
es maternal CMV serology was only tested once when 
anomalies were first detected. Intrauterine infections are 
an important differential group when fetal anomalies 
arise and are frequently tested by examining maternal se-
rology for the TORCH complex (toxoplasma, other infec-
tious pathogens such as rubella virus, cytomegalovirus, 
and herpes viruses). When considering CMV serology, 
however, factors such as gestational age at testing are es-
sential to correct interpretation. Despite extensive litera-
ture on the topics of maternal CMV serology [for reviews, 
see  12 ,  14 ] and CMV-induced fetal anomalies  [4, 5, 12] , 
in our experience the awareness of CMV as potential 
cause of fetal anomalies has not sufficiently penetrated 
clinical practice  [15, 16] . 

  For a correct interpretation of maternal CMV serolo-
gy, it is ideal to know the CMV serostatus antecedent to 
pregnancy. Since this is often unknown, serum samples 
from standard screening (HIV, syphilis, and hepatitis B) 
in the first trimester should be saved to enable retrospec-
tive analysis of potential early primary infection. Fre-
quently, serum samples are discarded immediately, mak-
ing retrospective analysis not possible. Unfortunately, 
this was the case in case 2, and therefore it was not pos-
sible to discern the type of maternal infection. The serol-
ogy in case 1 exhibits the classic characteristics of a pri-
mary infection with low IgG AI and a positive CMV-IgM 
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in the first trimester. When symptoms are evident in the 
child after birth, we advise to immediately (no later than 
 ≤ 3 weeks postpartum) perform CMV PCR on the infants’ 
urine to determine if vertical transmission has occurred. 
Case 3 may also exhibit a primary infection despite nega-
tive CMV-IgM in the first trimester. At 8 + 3 WG, 2 
months have passed in which CMV-IgM could have al-
ready dropped below the detection limit  [11] . Unfortu-
nately, not enough serum was available for a first-trimes-
ter IgG AI test. However, an IgG AI of 0.74 (VIDAS, bio-
Mérieux, high IgG AI >0.65) at 21 + 4 WG could support 
an early primary infection. The IgG AI is low during the 
first 3–4 months after primary infection, followed by an 
intermediate IgG-AI for 1–2 months and subsequently 
full IgG avidity maturation, fitting this timeline  [11] . In 
both cases, the decision to terminate the pregnancy may 
have not been altered; however, we believe that when cli-
nicians choose to test for CMV that this should be done 
correctly to accurately counsel parents. 

  It was previously thought that non-primary infections 
have a low transmission rate due to preconceptional im-
munity. However, more recently, it has been noted that 
cCMV infections could occur more often in infants of 
preconceptionally seropositive women [for a review, see 
 2 ,  17 ]. Severe CMV-associated symptoms in the fetus/in-
fant, as a result of non-primary maternal infection, have 
been reported  [18]  and are the probable cause in cases 4 
and 5. Serological characteristics of non-primary infec-
tions remain elusive  [19] ; however, when fetal anomalies 
are present and maternal serology indicates non-primary 
infection, it is important to realize that cCMV infection 
may still have taken place. Regardless of the presence of 
CMV-IgM, a high IgG AI reflects immunological matu-
rity and, encountered early on in gestation, pleads against 
first-trimester primary infection  [14, 19] . Unfortunately, 
not enough serum was available for a retrospective CMV-
IgM analysis in case 4; however, the very high IgG AI at 
11 + 5 WG points to a non-primary infection regardless 
of CMV-IgM. When interpreting IgG AI amongst differ-
ent laboratories, it is important to be aware of different 
AI cutoff values between assays (case 4)  [13] . To ensure 
diagnostic accuracy, it is advisable to test all samples in 
one laboratory. IgG AI testing in case 4 was done in dif-
ferent laboratories due to referrals. 

  A useful gestational management scheme for CMV in-
fection is proposed by Lazzarotto et al.  [14] , but since ma-
ternal CMV screening is not felt justified in most coun-
tries, a frequent diagnostic starting point are fetal anoma-
lies seen on routine 20 WG sonograms. Fetal infection 
can be diagnosed by CMV PCR of amniotic fluid and has 

been shown to have good sensitivity and a low risk of fetal 
loss (<1%) when carried out after 20–21 WG and  ≥ 6–8 
weeks after the onset of maternal infection (if known)  [4, 
10, 14] . When amniocentesis is performed for other diag-
nostics (i.e., quantitative fluorescence PCR), we recom-
mend to concurrently perform CMV PCR to investigate 
fetal CMV infection. This would have accelerated the di-
agnosis in cases 3 and 4. Despite the fact that the clinical 
course may not have changed significantly, we want to 
stress the importance of CMV as a causative agent of fetal 
abnormalities and that when testing is done, this should 
be carried out at the correct time points and interpreted 
with sufficient expertise. 

  In conclusion, multiple diagnostic steps should be car-
ried out to diagnose fetal cCMV infection. When fetal US 
anomalies are detected, referral for an advanced US 
should take place. Both maternal first- and second-/third-
trimester serum should be tested for evidence of a pri-
mary infection. Storage of first-trimester serum should be 
obligatory to enable this. In the case of negative CMV-
IgM, a non-primary infection cannot always be excluded. 
If the mother is seronegative, cCMV infection can be ex-
cluded. To confirm fetal infection, amniocentesis can be 
offered. When cCMV infection is confirmed and the ex-
tent of cerebral and extracerebral abnormalities is deter-
mined, parents can be counseled accordingly.
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