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Abstract

Background: The prevalence of perinatal infection from ma-
ternal exposureisincreasing. The prevalence of acute mater-
nal infections identifies cytomegalovirus, parvovirus B19,
toxoplasmosis, and varicella as the most common organisms
and in the order of frequency. Maternal informed consent
and understanding is required before intrauterine testing for
fetal infectious and possible genetic risk assessment. Meth-
ods: This structured review of the reproductive published
literature focuses on the risks of amniocentesis and cordo-
centesis diagnostic procedure-related fetal loss rates and fe-
tal vertical transmission (VT) rates from published infected
pregnant cohorts. Results: The total postprocedure fetal loss
rate for diagnostic amniocentesis procedures, in limited in-
fectious cohorts, is 1.5% and does not appear to be increased
compared to “noninfected” amniocentesis cohorts using an
estimated background spontaneous fetal loss rate (no pro-
cedure) of 0.65%. The “pooled” unintended fetal loss rate is
from small infected population cohorts, but can be used for
counseling purposes. Postcordocentesis fetal loss risk, in an

infected cohort, is not possible to estimate due to limited
data. The “biological spontaneous fetal loss rate” risk with a
perinatal infection (positive or negative fetal anomalies) and
no diagnostic procedure before 20 weeks of gestation is re-
viewed. The risk of VT in acute infection cohorts as a result of
the intra-amniotic diagnostic procedure is not found to be
increased. Conclusion: The unintended “fetal loss” rate after
amniocentesis for perinatal infected cohorts is similar to that
of noninfected cohorts, but the estimate is based on limited
infected cohorts. There was no procedure-based risk of fetal
VT in the infected cohorts, but identification of postproce-
dure maternal bleeding into the amniotic cavity increases
the potential risk. Maternal knowledge translation and an in-
formed consent process with risk-benefit maternal/fetal risk
counseling are required prior to any diagnostic amniocente-

sis procedure. ©2020 5. Karger AG, Basel

Introduction

The prevalence of maternal-fetal risk with primary ex-
posure to a potential teratogenic viral or nonviral organ-
ism is likely to increase due to maternal exposures to in-
fectious scenarios. Infectious exposure during pregnancy
has become more frequent and complex due to immigra-
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tion, international travel destinations (ZIKA virus, hepa-
titis, COVID-19), increased viral morbidity (HIN1, Ebo-
la), and decreasing population utilization of primary
vaccination and annual influenza vaccination for the pro-
tection of families/children (rubella, varicella, pertussis)
[1-6].

Congenital viral infections in England have appeared
to increase over the last five decades, but this finding may
be due to more sensitive diagnostic techniques and post-
natal retrospective screening programs such as neonatal
hearing screening [7].

An accurate maternal-fetal infectious exposure diag-
nosis is required for an informed counseling and consent
decision process. A maternal perinatal infectious expo-
sure scenario leads to the question “Will this infection af-
fect my baby and how serious will it be?”

There are limited infection-exposed cohorts with diag-
nostic testing available for evaluation, while a recently
published opinion indicates that “guideline summation
with recommendation should be initiated even if the evi-
dence is considered insufficient” [8]. This structured re-
view for a fetal infectious morbidity/mortality assessment
will consider the indications for a diagnostic procedure,
gestational age procedure timing, and diagnostic proce-
dure risk after a suspected acute maternal infectious ex-
posure, and summarizes the available evidenced-based
knowledge to enhance maternal knowledge translation
and informed consent.

Methods

This structured review of the reproductive published literature
is focused on the risks of diagnostic procedure-related loss from
published infected pregnant cohorts. Published literature was re-
trieved through searches of PubMed, National Society Guidelines
(Society of Obstetricians and Gynecologists of Canada, American
College of Obstetrics and Gynecology, Society of Maternal-Fetal
Medicine, Royal College of Obstetrics and Gynecology, and Unit-
ed States Preventive Services Task Force), and the Cochrane Li-
brary using appropriate controlled vocabulary (amniocentesis,
cordocentesis, procedure pregnancy loss risk, viral vertical trans-
mission [VT], fetal and neonatal infection) and key words (mater-
nal infection/exposure, varicella, cytomegalovirus [CMV], parvo-
virus B19, toxoplasmosis). The results were restricted to guide-
lines, systematic reviews, randomized controlled trials/controlled
clinical trials (if available), and observational case control/case se-
ries studies from 2005 to 2020 published in English. Updated lit-
erature searches were completed on a regular basis through March
2020 and were incorporated into the structured review.

The structured review will consider a number of questions re-
lated to acute perinatal infections: (1) Which common pregnancy-
associated viral/nonviral infections have diagnostic tested co-
horts? (2) What is the diagnostic procedure-related fetal loss risk
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estimate for amniocentesis and cordocentesis in noninfected preg-
nancy cohorts? (3) What are the prenatal imaging features (ultra-
sound [US]/magnetic resonance imaging [MRI]) that are associ-
ated with fetal infectious morbidity? (4) What are the maternal and
fetal counseling and diagnostic testing indications in presumptive
infected pregnancies (infection - maternal blood serology and
possible viral load estimation; specific infected fetal and placental
imaging patterns; directed amniotic fluid [viral DNA PCR]/fetal
blood [viral DNA PCR/platelet count] testing; genetic [chromo-
somal microarray or karyotype] testing if indicated; optimal pro-
cedural gestational age consideration)? (5) What is the reported
postprocedural fetal loss and/or fetal VT risk in the maternally
infected pregnant cohorts (nonbacterial etiology)?

Results

Question 1

CMV, parvovirus B19, toxoplasmosis, and varicella
are the most common acutely exposed perinatal infec-
tious illnesses that require maternal assessment/diagnosis
for possible maternal exposure/risk or if US fetal disrup-
tive anomalies are identified, indicating the possibility of
an unexpected fetal viral exposure as part of the differen-
tial diagnosis [1-6].

Question 2

Sequential systematic reviews (SRs) and meta-analyses
(MAs), from 2015 to 2019, provided large data sources for
procedure-related fetal loss assessments following intra-
amniotic diagnostic testing in noninfected diagnostically
tested cohorts, generally for a fetal genetic evaluation [9-
19]. The SRs/MAs [9, 10, 17, 18] identified the amniocen-
tesis procedure-related fetal loss risk at 0.11-0.35% (1 loss
per 290-300 to 900) with a reported control spontaneous
fetal loss rate of 0.58-0.67% (no procedure; approximate-
ly 1 per 150-170 pregnancies). Subsequent SRs/MAs by
the same research group reported an added procedure-
related fetal loss risk of 0.11% (2015 SRs/MAs) followed
with an increased added procedure-related fetal loss risk
0f0.35% (2018 SRs/MAs) [10, 17]. An additional SR/MA
(2019) reported the weighted procedure-related risk of
miscarriage following amniocentesis as 0.30% (95% CI
0.11-0.49) [9].

The prenatal diagnosis center-based amniocentesis
cohorts [11-15] (with possible inclusion in the SR/MA
publications) reported total postprocedure fetal loss rates
estimated at 0.48-0.86% (approximately 1 per 90-200
procedures); some cohorts reported the estimated control
spontaneous fetal loss rates in screened pregnant (no pro-
cedure) populations to be 0.65-0.67% (approximately 1
per 150 pregnancies).
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Table 1. US and MRI findings associated with perinatal infection [6, 27-29]

US abnormalities CMV Parvovirus  Toxoplasma Varicella
B19

Abdominal

Echogenic bowel +

Ascites + +

Echogenic renal +

Hepatomegaly + +

Hepatic calcifications + + +

Cardiac/thoracic

Pericardial effusion + + +

Calcifications +

Cardiomegaly +

Pleural effusion + +

Placental

Placentomegaly + + +

Calcifications + +

Other

TUGR + +

Hydrops + + + +

Edema +

MCA with PSV +

Polyhydramnios +

Brain MRI cerebral calcification (70%), hydrocephalus, intracranial ~ variable (not well defined

ventriculomegaly, white matter
disease, neuronal migration
disorders, microcephaly

calcifications, parenchymal
destruction, volume loss

and likely dependent on
gestational age at exposure)

CMV, cytomegalovirus; IUGR, intrauterine growth restriction; MCA, middle cerebral artery; MRI, magnetic resonance imaging;

PSV, peak systolic velocity; US, ultrasound.

The “no procedure” spontaneous background rate of
miscarriage after 14 gestational weeks is important for
patient informed consent. The reported “no procedure”
spontaneous fetal loss rates of 0.65-0.67% from the above
single-center studies are very consistent with earlier re-
ported “control cohorts” of 0.7% [20, 21].

The use of cordocentesis in noninfected diagnostic co-
horts reports a postprocedure fetal loss rate based on the
fetal pathology at the time of the procedure. Kunochova
etal. [22] report on 78 diagnostic and 14 therapeutic cor-
docentesis procedures with postprocedure fetal loss rates
of 3% (2/78) and 14% (2/14), respectively. For the testing
indication of fetal hydrops, 455 cordocentesis procedures
were used in 208 pregnant women (74 women had >1
cordocentesis with a mean of 2.2 procedures and a max-
imum of 18) [23]. Indications for cordocentesis were
isoimmunization (55.6%), nonimmune fetal hydrops
(17.5%), chromosomal diagnosis (22.2%), and other indi-
cations (4.8%), with 51.2% associated with a blood trans-
fusion. The overall fetal demise rate within 2 weeks of
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cordocentesis was 10.2% (3.2% with no hydrops, 9.1%
withimmune hydrops, 31.7% with nonimmune hydrops).

Cordocentesis for “at-risk” fetal anemia cohorts as the
testing indication reported 223 procedures in 153 preg-
nancies, with fetal loss in 11 cases, but 7 losses were iden-
tified as disease-related (95% CI 1.4-2.7; 4/223 [1.7%])
[24]. A fetal hemoglobinopathy cohort (case-control)
with 5,506 cordocentesis cases reported a fetal loss rate of
1.9vs. 1.0% (RR 1.9, 95% CI 1.4-2.7) [25].

Question 3

US (plus or minus MRI) imaging is the primary screen-
ing and diagnostic assessment for the identification of fe-
tal “disruptive” structural anomalies following perinatal
infectious exposure. Voekt et al. [26] reported on 392 pa-
tients (2008-2015) with US indications consistent for
maternal STORCH exposure in pregnancy (syphilis,
toxoplasmosis, rubella, CMV, herpes simplex, and others
[HIV, hepatitis B and C, parvovirus B19, enterovirus, var-
icella, Leptospira interrogans]). The most common imag-
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Table 2. Perinatal infections — screening, investigation of a symptomatic maternal illness, imaging features, and infection/genetic risk

for diagnostic testing [1, 28, 30]

Infection Prenatal screening Investigations (maternal/fetal)

Imaging (see Table 1 for details) Infection risks

CMV not recommended

maternal blood IgG and IgM (paired sera and
avidity) and PCR for CMV; amniotic fluid PCR
for CMV DNA; amniocentesis 6 weeks after
infection or at >21 weeks of gestation;
cordocentesis/fetal blood for viral load/platelet
count at >21 weeks of gestation; consider genetic

US: abdominal/intrauterine
growth restriction/ hydrops/
placenta

fetal infection; 30-40%
with primary infection,
1-2% with nonprimary
infection; more
common in later
gestation, but less severe

testing if indicated (karyotype or CMA)

Parvovirus B19 not recommended

maternal blood IgG and IgM (paired sera);
amniotic fluid PCR for parvovirus B19 DNA;
amniocentesis at >18 weeks of gestation;
cordocentesis/fetal blood fetal anemia/post
MCA value; consider genetic testing if indicated

fetal infection across all
three trimesters, but
greater risk in early
pregnancy (10% fetal
loss/3% fetal hydrops)

MCA velocity monitoring
for fetal anemia screening;
US: hydrops/cardiac/pleural
effusions

(karyotype or CMA)

Toxoplasma not recommended maternal blood IgG and IgM (paired sera and US: hydrops/pleural or fetal infection first
avidity); amniotic fluid PCR for Toxoplasma pericardial effusions/ trimester 5-15%/third
DNA; amniocentesis 5 weeks after infection or ~ abdominal trimester 70-80%
at >18 weeks of gestation; consider genetic
testing if indicated (karyotype or CMA)

Varicella varicella IgG; if maternal IgG and IgM (paired sera); maternal US: polyhydramnios/ fetal infection occurs in

nonimmune, provide

and delay conception
4 weeks

skin vesicular lesion fluid for PCR; consider
nonpregnant vaccination genetic testing if indicated (karyotype or CMA)

10-15% of maternal
chickenpox/first 20
weeks varicella
syndrome 1%

placentomegaly/calcifications/
hydrops

CMA, chromosomal microarray; CMV, cytomegalovirus; MCA, middle cerebral artery; US, ultrasound.

ing findings leading to maternal-fetal STORCH testing
were intrauterine growth restriction (30.4%) including
microcephaly (1.5%), polyhydramnios (14.8%), and in-
trauterine death (IUD) (13.3%). Intracranial or abdomi-
nal echogenicity was rare in this cohort. Maternal
STORCH infections were found in 3.4% of intrauterine
growth restriction, 5.2% of polyhydramnios, and 1.9% of
IUD with CMV (7), parvovirus B19 (6), varicella (1), and
enterovirus (1) [26].

Viral invasion of the amniotic fluid cavity has been
identified in asymptomatic women undergoing midtri-
mester amniocentesis. The amniocentesis cohort of 729
women with no fetal or chromosomal anomalies and
clinical follow-up had PCR screening of their amniotic
fluid for six common viral genomes (adenovirus, herpes
simplex virus, varicella zoster virus, human herpesvirus
6, human CMV [HCMV], Epstein-Barr virus, parvovirus
B19, and enterovirus). Viral genome was found in 16 of
the 729 (2.2%) amniotic fluid samples (human herpesvi-
rus 6 [7], HCMV [6], parvovirus B19 [2], and Epstein-
Barr virus [1] with no cases of herpes simplex virus, vari-
cella zoster virus, enterovirus, or adenovirus). Corre-
sponding viral DNA was found in 6 of 7 maternal blood
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samples with human herpesvirus 6-positive amniotic flu-
id and in one umbilical cord plasma sample [27]. Table 1
summarizes the US and MRI features (head, thorax, car-
diac, abdominal, amniotic fluid, and placental) for identi-
fied fetal infections [6, 26, 28, 29].

Question 4

Maternal knowledge and informed consent for inves-
tigation and diagnosis are critical for a presumed or con-
firmed perinatal viral infection.

Table 2 provides a limited summary for a maternal
counseling and diagnostic management pathway [1, 28,
30]. The indications and risks for maternal and fetal as-
sessment by diagnostic procedures in pregnancies with
an “at-risk” perinatal infection include counseling and
testing factors such as maternal serology to identify a
probable infectious organism, US/MRI imaging assess-
ment identifying possible fetal and placental infectious
exposure, fetal loss risks secondary to viral exposure
alone, determination of the gestational age at fetal expo-
sure and the estimated length of viral exposure at the time
of infectious evaluation testing and/or diagnostic proce-
dure date, use of appropriate fetal infectious diagnostic
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tests including genetic testing if indicated, and the fetal
loss risks related to the appropriate diagnostic pro-
cedure(s).

The spontaneous fetal loss rate (first to second trimes-
ter) with a documented perinatal viral infection (positive
or negative fetal anomalies) and no fetal diagnostic pro-
cedure is poorly defined. While certain factors are clearly
associated with spontaneous fetal loss (hormonal-ovula-
tory, genetic, uterine anomalies), the relationship be-
tween pregnancy loss and viral infections remains con-
troversial. Evaluation of embryonic and early fetal loss as
well as using maternal serology/PCR and products of
conception PCR report both positive and negative asso-
ciations [31-36]. Recent congenital CMV guidelines for
prevention, diagnosis, and therapy provide no informa-
tion related to miscarriage rates with first to second tri-
mester CMV infection [37, 38].

A CMV cohort study (2009-2017) analyzed 4,125
women and newborns, after exclusion of 459 (7.1%)
spontaneous miscarriages. Newborns had urine testing
by PCR for CMV DNA, with 9 positive results. The ma-
ternal pregnancy characteristics for the 9 positive cases
were compared with the 4,116 maternal controls and
identified increased multivariate logistic regression anal-
ysis ORs for threatened miscarriage-preterm labor in the
second trimester (OR 6.0, 95% CI 1.6-22.8) and fever or
flu-like symptoms (OR 17.9, 95% CI 3.7-86.7). These
clinical factors were 100% sensitive and 53% specific for
a CMV-associated pregnancy impact [39].

A retrospective periconceptional primary maternal
CMV cohort of 59 cases with a median gestational age at
diagnosis of 8 (4-11) weeks had a spontaneous abortion
loss rate of 7%. Amniocentesis was undertaken in 43 pa-
tients, with a 25.5% CMV-positive rate, and no pregnan-
cy losses were reported [40]. A prospective primary CMV
study (7 years) reported that fetal loss occurred in 15%
(4/26) of early CMV infections compared to a rate 0of 2.2%
(16/744) in controls [41].

The outcomes for fetuses with congenital parvovirus
B19 (SR/MA) identified increased miscarriage rates when
comparing hydropic and nonhydropic parvovirus B19-
infected fetuses (pooled proportion hydropic fetus 27.2%
(95% CI 12.2-45.5%) compared to nonhydropic fetus
8.8% (95% CI 2.8-17.6%) with a pooled OR of 11.5 (95%
CI 2.7-49.7) [42].

The seroprevalence of toxoplasmosis (IgG, IgM) anti-
bodies in women who had experienced a spontaneous
abortion identified with pooled ORs that the toxoplasmo-
sis IgG/IgM seroprevalence was higher than in controls
(IgG: OR 1.65, 95% CI 1.31-2.09; IgM: OR 2.26, 95% CI
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1.56-3.28). The study conclusion reported that perinatal
toxoplasmosis could be a possible factor for maternal
spontaneous abortion [43].

Sauerbrei and Wutzler [44] reported that the rate of
spontaneous abortion following acute varicella infection
did not exceed the rate of abortion in pregnant women
without chickenpox. A prospective study reported on the
outcome of 1,373 pregnancies with maternal varicella,
based on the gestational weeks of varicella exposure. Var-
icella exposure at 0-16 weeks (from last menstrual peri-
od) resulted in 2.7% miscarriages (36/1,330) in addition
to 43 pregnancy terminations. IUD occurred in 0.7%
(9/1,330) and was equally distributed across the 0-36 ges-
tational weeks (from last menstrual period). The 9 cases
of congenital varicella were all exposed at <20 weeks, with
7 fetal exposures between 13 and 20 weeks (2.0% risk) and
2 fetal exposures at <13 weeks (0.4% risk) [45].

The evaluation of a “complex pregnancies” cohort re-
quiring amniocentesis after 24 weeks of gestation for a
number of indications (perinatal infection, lung maturi-
ty, therapeutic procedures, genetic testing) is summa-
rized in Geften et al. [19]. Even though only 7% of the
procedures had an infectious indication, the second tri-
mester amniocentesis gestational age of >24 weeks is im-
portant for analysis, as the outcomes are useful for the
informed consent process. There were 285 amniocentesis
procedures undertaken, but only 167 cases could be ana-
lyzed. While the procedure indications were varied, the
mean gestational age at amniocentesis was approximate-
ly 32 weeks (range 24-37), with 104 procedures at 24-32
weeks and 63 procedures at >32 weeks. The mean gesta-
tional age at delivery was 38.3 weeks (£2.7) and latency
from amniocentesis to delivery <1 week was 7% [19].

Daum et al. [46] evaluated a “late” amniocentesis pro-
cedure cohort (24-38*¢ weeks), 291 women (303 fetuses;
277 singletons, 14 twin pairs; in two twin pairs, one fetus
was terminated before amniocentesis), with the most fre-
quent indication being fetal anomalies (67%). Chromo-
somal microarray was used to identify the fetal genetic
pathology (fetal aneuploidy [3%] and copy number vari-
ants [3%]). There were no preterm births in the cohort
that had no fetal structural or US abnormalities. Gabbay-
Benziv et al. [47] evaluated a third-trimester amniocente-
sis cohort (mean gestational age 31.6 + 2.3 weeks) of 168
women. The amniocentesis indication was suspected in-
fection (23), abnormal US findings (120), and genetic
risks (21). One of the 23 pregnancies with an infectious
risk was CMV-positive and required cesarean delivery
(33 weeks of gestation) within 1 week of the amniocente-
sis procedure. There were a total of 13 preterm deliveries,
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Table 3. Prenatal diagnostic procedures in infected maternal pregnant cohorts [48-56]

Reference Infection Study, time period, location Unintended pregnancy loss and VT summary
cohort
Weisz et al. [48], 2011 varicella retrospective study (2001-2007), Israel AC in 19/20 cases at a mean of 22.2 + 1.7 weeks with a mean infection age of 11 + 3.5 weeks; no
postprocedural losses reported; no VT reported
Mouly et al. [49], 1997 varicella prospective cohort, 1989-1994, France; congenital varicella AC 107; FBS 82; procedures at 21-26 weeks of gestation; AC with positive viral AF PCR was identified
2.8% (3/107); postnatal varicella zoster infection 3.8% (3/78) in 9/107 (8.4%) with maternal infection at <24 weeks; single IUD after AC (negative prenatal testing);
no procedure-related VT
Lipitz et al. [50], 2020 HCMV prospective study, 2011-2018, Israel VT was identified by AC in 123 patients with primary CMV infections; US findings 30.9%; MRI
abnormalities 30.1% at 32-34 weeks; 15 TOP; no loss associated with AC
Hawkins-Villarreal HCMV prospective study, 2006-2018, Spain FBS in 28 CMV-infected fetuses considered severely or mildly affected according to prenatal US/MRI
etal. [51], 2019 brain damage; US/MRI abnormalities in 43 pregnancies/44 fetuses; severe: 29/29, FBS 20, TOP 19,
STOP 1; no/mild: 16/17, FBS 8, TOP 3, IUD 1, LB 4; risk allocation not possible due to small cohort
Simonazzi et al. [52],2017 HCMV prospective observational cohort referred with primary AC: 239 with prior maternal blood for HCMV DNA; primary infection definition: seroconversion
HCMYV, 2007-2014, Italy; 606 patients with primary HCMV;  or + IgM and low/moderate + IgG; AC >20 weeks and >6 weeks after maternal infection; maternal
239 enrolled (189 declined; 40 GA <12 weeks [6.6%]; 2 age DNA viremia: positive 32 (13.4%), negative 207 (86.6%); no post-AC unintended loss reported; VT:
<18 years; 40 immuno Rx; 96 lost to follow-up) a maternal viral DNA result was associated with an OR of 3.06 (95% CI 1.41-6.64), but iatrogenic
procedure risks were ruled out
Enders et al. [53], 2017 HCMV retrospective single-center study, 2010-2014, Germany; 132 115 pregnancies with primary CMV infection, AC 111, FBS 106; unintended loss 1 (TOP); no
pregnancies with primary infection; 27 abnormal US, 105 procedure-related VT; abnormal US: CMV - +, no 9/9, infected 16/16; normal US: CMV - +, no
normal US; 117 AC and FBS, 11 AC only, 4 FBS only; 17 lost ~ 58/70, infected 19/20; total infected: 47/115 (41%)
to follow-up (15 AC-FBS, 2 AC)
Revello et al. [54], 2008 HCMV prospective primary HCMV maternal infection and AC 194 pregnant women with primary HCMV infections and 199 fetuses; congenital HCMV was
risk contributing to VT to the fetus, Italy; AF negative for diagnosed in 38% (76/199) of fetuses; conclusion: maternal HCMV DNA viremia was not associated
HCMYV DNA in 37% of women with viremia; AF positive with risk of VT at the time of AC
for HCMV DNA in 37% of women with viremia; 8 with
false-negative AF testing had 4 maternal viremia positivity
and 4 viremia negativity
Donadono et al. [55],2019  Toxoplasma  population-based cohort study, 2001-2012, Italy seroconversion and suspected infection in pregnancy 0.8 per 1,000 live births; congenital
toxoplasmosis 0.1 per 1,000 live births; seroconversion: total 183, AC 89, positive 24.7%, follow-up
157, miscarriage 2 (1.3%); suspected infection: total 381, AC 167, positive 15%, follow-up 319,
miscarriage 13 (4.1%)
Findal et al. [56], 2017 Toxoplasma  retrospective study, 1993-2013, Norway; 173 (50%) 346 singleton pregnancies undergoing AC due to suspected maternal primary toxoplasmosis at a

infected prior to pregnancy; 80 (23%) possibly infected in
pregnancy; 93 (27%) infected during pregnancy (49 [14%)]
seroconverted, 42 [12%)] increasing IgG, 255 [74%] had
positive IgM and low IgG)

mean of 16.7 gestational weeks; unintended loss 2/346 (0.6%) (both were early AC at 13 weeks);
no procedure-related VT; 15/332 (4.3%); 15 neonatal infections (4.3%) (14 positive AF PCR,
1 negative AF PCR [0.3%])

AC, amniocentesis; AF, amniotic fluid; FBS, cordocentesis; GA, gestational age; HCMV, human cytomegalovirus; IUD, intrauterine death; LB, liveborn; MRI, magnetic resonance imaging; STOP, surgical ter-

mination of pregnancy; TOP, termination of pregnancy; US, ultrasound; VT, vertical transmission.

indicating a postprocedure preterm delivery risk of 8%
(13/168).

Invasive diagnostic procedures at >22-24 weeks of ges-
tation have an increased risk for preterm delivery of 7-8%
mainly associated with preexisting fetal congenital and am-
niotic fluid abnormalities. The possibility of an increased
preterm birth mechanism associated with intrauterine viral
infection in the late second and third trimester alone has
limited data to support this perinatal risk [19, 46, 47].

Question 5

Table 3 summarizes the published literature for mater-
nal infection cohorts and the outcomes for unintended
fetal loss and evaluations to determine the possibility of
fetal VT [48-56]. The “pooled” procedure-related fetal
loss risk estimate for infectious diagnostic amniocentesis
procedures is estimated at 1.5% (18/1,187) — 0.8% from
varicella (1/127), 0% from HCMYV (0/458), and 2.8% from
toxoplasmosis (17/602). The cordocentesis procedure risk
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from infected cohorts could not be determined with vari-
cella (0/82), HCMV (0/106), and in one prospective series
0f 28/28 fetuses prior to pregnancy termination. While the
unintended amniocentesis fetal loss rates are from small
infected population cohorts, the pooled or individual risks
could be used for counseling purposes. The risk of fetal VT
in the acute infection cohort’s secondary to the intra-am-
niotic diagnostic procedure was not increased.

The biological VT to the fetus for CMV appears to be
increased with a positive maternal viremia (OR 3.06, 95%
CI 1.41-6.64) [52] and the transmission evidence with the
identification of fetal “disruptive” anomalies by US [54]. A
negative (undetected) maternal CMV viremia result has a
reported viral VT rate of 15-20% [52, 53]. In a retrospec-
tively analyzed amniocentesis cohort with suspected toxo-
plasmosis infection, a spontaneous transplacental VT rate
of 4.5% (15/332) was associated with a positive amniotic
fluid viral PCR result (14/15 cases) [56]. Amniocentesis was
notassociated with an increased VT risk [48, 49, 52-54, 56].
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Varicella infection and VT risks has been analyzed.
Enders et al. [45] reported prospectively on a “nonintra-
uterine diagnostic procedure” cohort of 1,373 pregnant
women with a varicella infection prior to 36 weeks of ges-
tation. There were 43 therapeutic terminations, leaving
1,330 pregnancies to be followed. Spontaneous abortions
prior to 16 weeks of gestation occurred in 36 women
(3%). Among the 1,294 continuing pregnancies, there
were 9 fetal deaths (0.7%) after 20 weeks of gestation (1
case had severe congenital varicella syndrome infection).
Cord blood or venous samples were obtained shortly af-
ter birth for varicella IgM antibody analysis. There were
1,285 pregnancies intended to continue to term, with
1,291 liveborn infants. Based on gestational age at mater-
nal infection, there were 9 affected infants identified and
the rate of viral transmission (maternal to fetal) was 2/472
(0.4%) at 0-12 weeks and 7/351(2.0%) at 13-20 weeks,
while for exposure after 20 weeks (477 cases between 21
and 36 weeks) there were no varicella-affected infants,
with 3 losses (therapeutic abortion/IUD/IUD) for preg-
nancies continuing past 20 weeks of gestation.

The risk assessment of CMV-infected fetuses symptom-
atic at birth is predictable at the time of diagnosis by use of
a combination of targeted US assessment (cerebral and ex-
tracerebral findings) along with a higher viral load (CMV
DNA) identified in amniotic fluid and fetal blood (>4.93
log;oIU/mL) and with a fetal blood platelet count (<114,000/
mm?). Diagnostic procedure fetal loss rates were not pro-
vided in the publications [57, 58]. Hawkins-Villarreal et al.
[51] reported on 46 pregnancies/47 fetuses with 28 cordo-
centeses (20 severe/8 nonsevere features) in the second and
third trimester. The majority of the cordocenteses (78%)
were done at the time of pregnancy termination. Blazquez-
Gamero etal. [59] reported on the outcomes of 36 pregnant
women with primary CMV infections. An amniocentesis
for CMV PCR was performed at least 6 weeks after a posi-
tive serological result and once the pregnancy had reached
21 weeks of gestation. There were 17 pregnancies in the
prevention group with 16 liveborns and 1 pregnancy termi-
nation (abnormal cordocentesis result) and 19 pregnancies
in the treatment group with 19 liveborns.

Discussion

The prevalence of perinatal infections (per 100,000
population) is estimated at 800 for CMV, 250 for parvo-
virus B19, 10-33 for toxoplasmosis, and vaccine-depen-
dent for varicella. CMV is the most common perinatal
viral infection, with 1-4% of seronegative pregnant wom-

Perinatal Infection and Intrauterine
Testing

en acquiring an asymptomatic infection with primary
maternal CMV, leading to 40% fetal infection. Parvovirus
B19 evaluation shows that 50-70% of reproductive-aged
women have developed immunity to parvovirus B19, and
seronegative women are estimated to have a 1-3% risk of
serological conversion in pregnancy. When fetal hydrops
is identified by US, consider maternal assessment for par-
vovirus B19. Toxoplasmosis is estimated to affect 2-3 per
1,000 pregnancies. Toxoplasmosis exposure from food-
borne disease is the third most common cause after sal-
monella and listeriosis. It is estimated that 15% of child-
bearing-aged women (15-44 years) in the USA are in-
fected with Toxoplasma gondii annually. Varicella has
both fetal and neonatal effects. The neonatal risk is great-
est with late gestational exposure (maternal rash 5 days
before delivery to 2 days after birth). Source references for
the perinatal infection diagnosis and management are
provided [30, 37, 38, 57, 60-73].

Maternal serology evaluation and fetal imaging inves-
tigations are an important component in the fetal risk as-
sessment pathway [1, 28, 30]. Imaging of the fetal central
nervous system for possible “infectious disruptive” insult
is important for maternal counseling as viral activity in-
terferes with normal fetal brain development, resulting in
neuronal migration abnormalities, cortical disorganiza-
tion, and altered white matter myelination with increased
neonatal morbidity. The central nervous system disrup-
tion secondary to the infectious insult is related to both
the primary insult caused by the pathogen-specific endo-
toxins and the host’s inflammatory response. The fetal
brain is particularly sensitive to neurotropic organisms,
especially in the first and second trimesters [29].

For fetal CMV infection, the gold standard for diagnosis
is amniotic fluid PCR for CMV DNA (following documen-
tation of maternal primary CMV exposure) or fetal “disrup-
tive” anomalies following US or MRI imaging with in-
creased sensitivity after 21 weeks of gestation or 6 weeks
after CMV infection. Maternal CMV IgG antibody sero-
conversion is diagnostic for primary CMV infection and
maternal CMV IgM antibody is present as well, but IgM can
be produced in nonprimary infections and false positives
are common. Maternal IgG avidity testing is important as
only low- to moderate-avidity IgG antibodies are produced
in the first 12 weeks after the primary infection [1, 28, 30].

For fetal parvovirus B19 infection, the gold standard
for diagnosis is amniotic fluid PCR for parvovirus B19
DNA and US imaging features of fetal “disruptive” anom-
alies. For parvovirus B19 maternal IgM and IgG antibod-
ies are produced, and the IgM antibody response persists
for one to several months, identifying a recent infection,
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while IgG antibodies (lifelong immunity) without IgM
indicate a prior infection. Stillbirth secondary to maternal
parvovirus B19 infection has been reported from 1 to 11
weeks after infection, while hydrops is unlikely to occur
>8 weeks after infection [1, 28, 30].

For fetal toxoplasmosis, the gold standard for diagno-
sis is amniotic fluid PCR for Toxoplasma DNA and imag-
ing for fetal “disruptive” anomalies, with testing after 18
weeks of gestation and 5 weeks after infective exposure.
IgM antibodies may persist for >12 months and false-pos-
itive results are common. IgG avidity testing requires lab-
oratory-specific cutoffs, but low avidity is indicative of
primary infection within the past 5 months [1, 28, 30].

For fetal varicella exposure, maternal clinical features
are directive for a chickenpox diagnosis. Maternal skin
lesions can be used for viral PCR or immunofluorescence
testing as the diagnostic gold standard of exposure. In ad-
dition, fetal imaging for evidence of fetal “disruptive”
anomalies is important for risk-benefit counseling [1, 9].

Diagnostic fetal genetic testing should be considered
when indicated; with a previous pregnancy or family ge-
netic history risk, maternal aneuploidy screening (by se-
rum analytes or cell-free placental DNA/noninvasive pre-
natal screening) is offered, and fetal structural anomalies
are present (not associated with the possible infectious
exposure). If fetal structural malformations are identified,
chromosomal microarray is reccommended, as more clin-
ically significant information is provided compared to a
fetal karyotype. Whole-exome sequencing is not usually
indicated unless normal fetal karyotype and chromosom-
al microarray results are present and multiple congenital
anomalies unrelated to infectious exposure have been
identified [74-77].

There are several factors that contribute to why pa-
tients may decline amniocentesis. Significant factors
identified include the number of previous miscarriages,
maternal educational background, reported nuchal trans-
lucency values, and personalized maternal risk scores/
screening for fetal aneuploidy. These maternal factors
need to be taken into consideration during the counseling
process as additional genetic, infection, and associated
US-identified fetal anomalies could contribute to both
maternal risk and benefit considerations [78].

In a recent randomized controlled trial, pregnant wom-
en identified to have pregnancies with a high risk of trisomy
21 by aneuploidy screening were subsequently compared
for the risk of miscarriage based on a “diagnostic testing”
process of either obtaining a maternal plasma cell free pla-
cental DNA result and if positive undergoing invasive test-
ing or an immediate invasive testing procedure (amniocen-
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tesis or chorionic villus sampling) [79]. This study was de-
signed to compare miscarriage rates between the two
“trisomy 21 diagnostic” processes, but no significant mis-
carriage rate difference was identified in either group (0.8%
inboth groups) where invasive testing occurred in 84 (8.3%)
of the cell-free placental DNA followed by invasive diagnos-
tic testing with screen positive result cohort and in 751
(76.5%) of the immediate invasive diagnostic testing co-
hort. The authors stated that the study may have been un-
derpowered to detect clinically important differences in
miscarriage rates. This study is not helpful in identifying an
invasive fetal procedure risk as there were numerous study
limitations (57 centers involved, lack of protocol adherence
[17% declined randomization and 24% allocated to invasive
testing refused their allocation]) and no evaluation of a “no
procedure” cohort [79].

Tabor et al. [80] reported from their randomized con-
trolled trial evaluating amniocentesis versus “no invasive
procedure” cohorts an increased risk of miscarriage of 1%
in the procedure group (95% CI 0.3-1.5). This postpro-
cedure fetal loss rate outcome was highly criticized [20].
They subsequently reported on a cohort of 32,852 amnio-
centesis procedures (1996-2006), with a total postproce-
dure fetal loss rate of 1.4% (95% CI 1.3-1.5). Provider
procedure experience was identified as an important fac-
tor in the total fetal loss rate. Retrospective postamnio-
centesis reviews [16, 18] have reported an added 1% fetal
loss risk for a second-trimester amniocentesis procedure
with comparison to a “no procedure” group, but the con-
tinued use of the 1986 Tabor randomized controlled trial
fetal loss rate of 1% [20] has been challenged [18].

The majority of diagnostic procedures are limited to
amniocentesis and, in selected infections such as CMV,
cordocentesis (Table 3) [48-56]. The total fetal risk re-
lated to amniocentesis in infected cohorts is estimated at
1.5%. This infected fetal loss rate is consistent with the
noninfected “procedure only” fetal loss risk range of
0.11-0.35% added to the “background spontaneous” fetal
loss risk of 0.7% for a total estimated risk of 1% [9-19].
The two most recent SRs/MAs have the “noninfected”
procedure amniocentesis risk estimated at 0.30-0.35% [9,
10]. The “no procedure” rate of miscarriage (with post
12-14 weeks of gestation viability) is reported at 0.65-
0.70% [11-15, 20, 21]. The cordocentesis procedure risk
in complex noninfected cohorts was variable and based
on the fetal physiology at the time of the procedure (fetal
anemia 2.0%, no hydrops 3.2%, immune fetal hydrops
9.1%, nonimmune fetal hydrops 31.7%) [23-25].

It is possible that there is an increased preterm birth
mechanism associated with intrauterine viral infection in
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the late second and third trimester, but there are limited
data to report on this potential perinatal risk.

The viral mechanistic basis of VT across the placental
barrier is unclear [81]. A study of VT in human pregnan-
cy using animal and cell culture models was not able to
provide a detailed understanding of the barriers used by
the human placenta. While it is possible that the perinatal
organisms may employ a common mechanism for inva-
sion, it is more likely that each organism has evolved dis-
tinct invasion strategies dependent on gestational age and
maternal responses to the infection [81].

In a review of fetal varicella syndrome (FVS), Mandel-
brot [82] commented that the mother to child transmis-
sion increases with gestation age based on neonatal IgM
antibody values, although some infected fetuses/neonates
did not produce specific IgM and most FVS cases were
reported as asymptomatic. The overall prevalence of FVS,
with exposure prior to 20 weeks of gestation, was esti-
mated at 1.0%. Risk factors identified for FVS are gesta-
tional age at exposure, maternal IgG antibodies, and
pathogen/host-related response. More data related to vi-
ral transmission and the level of maternal viremia are re-
quired. Female fetuses have been shown to have an in-
creased risk of transmission with exposure for HIV, hep-
atitis C virus, and CMYV infections [82].

A “potential” infectious VT risk from maternal blood
contamination following an amniocentesis procedure was
reported by Giorlandino et al. [83]. Amniotic fluid was
collected in 20 patients undergoing a second amniocente-
sis, within 2 weeks of the first procedure, and was com-
pared to that of a control group of 20 patients having their
first procedure. At the repeat procedure, all patients with
a primary transplacental procedure had blood-stained
taps, but 4/9 (44%) with a nonplacental procedure had
blood-stained taps as well. In the control group all fluid
specimens were clear, regardless of the placental location.
This clinical finding directs a recommendation that the
placenta or placental edges be avoided during a maternal
“at-risk” infection amniocentesis and that continuous ob-
servation with postprocedure US should be used to assess
for uterine/maternal bleeding after needle removal.

Fetal CMV cohorts have had more extensive evalua-
tion considering prevention, treatment, and feasibility of
outcome prediction with the use of amniocentesis and
cordocentesis in both the diagnostic and predictive path-
ways. Maternal perception of CMV infection during
pregnancy indicates that the majority of patients had no
knowledge of CMV risks. Maternal choice, with CMV ex-
posure only or mild US findings, led to abortion or no
further testing [84].

Perinatal Infection and Intrauterine
Testing

A CMV “state of the science” guideline is comprehen-
sive [85]. The natural history of neonates infected with
CMYV following a maternal primary infection results in
symptomatic outcomes (12.7% with 3-4% deaths) and
asymptomatic outcomes (87.3% with 86.5% having no se-
qualae). Recommended management requires amnio-
centesis after 17 weeks and 8 weeks after the presumed
date of primary infection. For those cases with positive
amniotic fluid CMV PCR, maternal management should
include valaciclovir 8 g/day until delivery, cordocentesis
at 20 weeks for fetal platelet count and CMV/DNA level,
US every 2 weeks until delivery, and fetal brain MRI at 32
weeks [85]. Negative results from amniotic fluid CMV
PCR and shell viral assay did not completely rule out a
neonatal infection with clinical morbidity [86].

The knowledge gaps for acute perinatal infections are
large. CMV cohorts have focused activity in a number of
perinatal units for screening, diagnosis, and treatment,
but there is very little published activity for other perina-
tal infections. The ability to create prospective case-con-
trol infected cohorts for parvovirus B19 and toxoplasmo-
sis (and in vaccine-limited areas/countries for varicella)
requires multidisciplinary collaboration, focused inter-
est, data management, specimen banking, and funding.
The decreasing numbers of diagnostic procedures due to
genomic cell-free placental DNA screening for aneuploi-
dy presents an opportunity as perinatal infections require
invasive fetal testing of amniotic fluid, fetal blood, and
placental infection assessment. Preterm delivery has little
information related to the contribution from viral infec-
tion. Fetal therapy for viral infection requires early recog-
nition, innovation, and multidisciplinary activity (infec-
tious disease, neonatology, pathology lab medicine, ma-
ternal-fetal medicine, multiple ‘omics). The large amount
of fetal therapy activity for structural fetal/placental ab-
normalities (myelomeningocele, twin to twin transfu-
sion, congenital diaphragmatic hernia, congenital heart
disease, lower urinary tract obstruction) and maternal
therapy for preeclampsia limits the maternal-fetal medi-
cine human resources for other perinatal investigations.
Finally, the lack of appropriate annual support for public
health and infection surveillance from national sources
has been clearly identified with the COVID-19 pandemic.

Conclusions
Acute maternal viral infection during pregnancy re-

quires identification of the virus, the viral infectious ana-
tomical location(s), and the potential viral disruptive ac-
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tivity in the fetus for patient counseling and an informed
consent process. The prevalence of acute viral/nonviral
perinatal maternal infections (per 100,000) is estimated at
800 for CMV, 250 for parvovirus B19, 10-33 for toxoplas-
mosis, and vaccine-dependent for varicella, as the most
common organisms.

The unintended total “fetal loss” rate of 1.5% after am-
niocentesis in an infected cohort appears to be similar to
the “separated and additive” amniocentesis fetal loss risk
in the “noninfected” cohorts of the procedure-only risk
range 0.11-0.35% (1 per 285-900) added to the back-
ground spontaneous risk range of 0.65-0.70% (1 per 140-
150). The cordocentesis procedure risk in infected co-
horts is associated with the fetal physiology at the time of
the procedure (2-32% fetal loss). There appears to be an
increased risk for preterm delivery for amniocentesis un-
dertaken after 22-24 weeks of gestation.

The majority of viral VT risk is related to vascular, pla-
cental (including factors associated with maternal fetal
bleeding), specific infectious pathogen, gestational age at
exposure, and possible female fetal status factors. The spon-
taneous variable maternal-fetal VT rates are biologically

based (CMV 44% with maternal viremia/20% with no iden-
tified maternal viremia, varicella 8%, toxoplasmosis 4%).

No associated viral VT risk was identified by amnio-
centesis, but postprocedure observation for maternal
blood contamination of the amniotic cavity is required.

Maternal knowledge translation, an informed consent
process, and maternal/fetal risk-benefit counseling is
necessary prior to amniocentesis or other diagnostic/
therapeutic intrauterine procedures.
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