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Fetal Myocarditis Associated With Maternal SARS-CoV-2 
Infection
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ted vertically from mother to fetus is rare (with an approxi-
mately 3.2% rate of incidence).

Abstract: We report the first case of significant fetal myocardial involve-
ment associated with maternal SARS-CoV-2 infection, in which restora-
tion of cardiac function at birth was noted. The demonstration of previous 
infection was supported by the quantification of humoral response in child 
and mother, in particular the presence of anti-N antibodies and through the 
detection of specific antibodies against the BA.4/5 variant.
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ws that SARS-CoV-2 infection transmit-

 Vertical infection is likely to occur 
through the hematogenous route1; in fact, the virus must cross the 
maternal–fetal interface by infecting the placenta syncytiotropho-
blast layer to access fetal circulation.1,2 The role of the immune state 
of pregnancy in responses to SARS-CoV-2 and the engagement of 
the placenta and fetus in the crosstalk with the maternal immune 
system during infection are complex, multifactorial and not fully 
elucidated.1

SARS-CoV-2 infection can cause severe harm to different 
organs, including the heart.3

Even though fetal infection rarely occurs, maternal COVID-
19 infection can affect fetal physiology, and mild cardiac markers 
detected by fetal ultrasonography and echocardiography can occur4; 
moreover, its role in the development of congenital heart diseases 
could also not be excluded.2

Furthermore, cardiac involvement in children affected by 
SARS-CoV-2 infection has also been detected.5 Notably, myocardial 
involvement, including myocarditis, heart failure and arrhythmia in 
the acute phase of viral infection and in patients with multisystem 
inflammatory syndrome,3 has been described. The pathophysiolog-
ical mechanism of myocardial damage in SARS-CoV-2 infection 
has not been fully elucidated; an acute cardiac injury, an immuno-
logical reaction, severe inflammatory processes and a myocardium 
dysfunction in predisposed individuals can be considered.6

In this study, we report a case of fetal myocarditis associated 
with maternal SARS-CoV-2 infection.

Case Report
A 39-year-old Caucasian woman was referred to the Fetal 

Therapy Unit of Buzzi Children’s Hospital in Milan at 27 weeks 
and 5 days of gestation for a suspected congenital cardiac anom-
aly. The first-trimester screening test for trisomy 21 was negative. 
Before pregnancy, two SARS-CoV-2 vaccine doses (July and Sep-
tember 2021) were administrated (Pfizer-BioNtech).

The pregnancy was reported to be uneventful, except for 
two episodes of flu-like symptoms at 12 (November 2022) and 26 
(February 2023) weeks’ gestation, during which the patient was not 
tested for COVID-19. During this second event, the partner and 
their relatives tested positive for the SARS-CoV-2 antigen test.

The fetal ultrasonographic evaluation at 27 weeks showed 
normal fetal growth (40° percentile), significant pericardial hyper-
echogenicity (a sign of inflammation) with a cardiomegaly–car-
diothoracic area ratio of 0.52. The fetus showed a biventricular 
dysfunction (especially in the left ventricle: ejection fraction was 
30%), associated with mild-to-moderate tricuspid and mild mitral 
regurgitation (see Fig. 1A and Video, Supplemental Digital Con-
tent 1, http://links.lww.com/INF/F390). The cardio-vascular pro-
file score was 5 (normal score is 10).7 Doppler velocimetry of the 
umbilical artery, ductus venosus and middle cerebral artery was 
normal, without signs of anemia. An amniocentesis was proposed 
to investigate the genetic or infective cause, but the woman refused. 
Three days after this first observation, due to a sudden fever, the 
woman was hospitalized. However, she tested negative for SARS-
CoV-2 without other signs of infection disease. At the following 
ultrasonographic evaluations, the fetus showed an improvement in 
myocardial condition, with a restoration of normal heart function 
and cardiovascular profile score of 8 at 34 weeks. During prena-
tal follow-up, the hyperechogenicity of the peri-myocardial region 
gradually decreased; on the contrary, the basal interventricular 
septum persisted, with mild regurgitation of both atrioventricular 
valves.

A vaginal delivery of a male live birth of 3420g occurred 
at 38 weeks and 2 days, with an Apgar score of 9 at 1 minute and 
10 at 5’. The first echocardiography showed a normal left ventricu-
lar function (EF 65%) with hyperechogenicity in the middle of the 
anterior-basal interventricular septum and mild tricuspid and mitral 
regurgitation. During follow-up, the echocardiographic stability of 
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the images was recorded, with the disappearance of valvular regur-
gitation.

At birth (T0), serum from the baby, mother and umbilical 
cord was collected. Two additional follow-ups of serum samples 
were obtained 30 (T1) and 113 days after birth (T2).

As reported in Figure 1B, at the time of childbirth, increased 
levels of IL-6 and IL-10 were noted in the neonate, cord blood and 
mother. Decreased circulating cytokines levels were observed dur-
ing monitoring.

The serum titer of anti-SARS-CoV-2 immunoglobulin G 
(IgG) of T0 samples was assessed using an FDA-approved fluo-
rescence bead-based multiplex assay (Luminex xMAP, Luminex 
Corporation, Austin, TX). The assay identifies IgGs directed at 
the SARS-CoV-2 WT spike protein (S1), receptor-binding domain 
(RBD) and nucleocapsid protein (N). The results of the MAGPIX 
reader were analyzed using xMAP-MULTI-IgG-CoV-2-Assay 
software. A lot-specific threshold value was compared against the 
median fluorescence intensity (MFI) from the S1, RBD and N 
antigens, which was set to 700 MFI and 300 for the background. 
Positivity was defined for levels greater than 700 MFI, as per the 
manufacturer’s specifications. The humoral immune response in the 
umbilical cord was similar to the mother’s serum, respectively, as 
demonstrated in the following values—anti-S1: 19,785, anti-
RBD: 
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25,954 and anti-N: 6876 and anti-S1: 19,395, anti-RBD: 23,030 
and anti-N: 4303. In contrast, MFI values for anti-S1, anti-RBD 
and anti-N IgG levels in the newborn were higher, with values of 
25,000, 25,299 and 8052, respectively.

To better characterize the serological traces of past infection 
by COVID-19 in serum samples of the mother and child, we quan-
tified the amount of anti-SARS-CoV-2 antibodies by means of a 
protein array of RBDs from different virus variants.

With this aim, we exploited a label-free microarray in 
which the optical reflectivity change of each antigen spot meas-
ures the amount of serum antibodies binding that antigen.8 A 
similar SARS-CoV-2 variant microarray has been used in pre-
vious work to study the antibody repertoire of vaccinated and 
unvaccinated convalescent subjects, finding a consistent pattern 
that depends on the history of virus exposure.9 As reported in 
Figure 1C, at T0, we observed very similar levels of total anti-
SARS-CoV-2 Ig for mother and child samples, in agreement with 
the results of the fluorescence assay. Interestingly, both subjects 
showed a decreasing level of antibodies over time, as expected, 
but the decrease observed for the child was much faster. To assess 
the repertoire of anti-SARS-CoV-2 antibodies, we extracted the 
Ig profile against five virus variants: Alpha, Gamma, Delta, Omi-
cron BA.1 and Omicron BA.4/5. Figure 1D reports the profiles 

FIGURE 1.  A: Fetal cardiac ultrasound at 27 weeks, in which a hyperechogenic pericardium was noted. B: Cytokine profiling 
at childbirth and during follow-up (the serum interleukins were titled using a commercial kit, Human Immunoassay, R&D 
Systems, Minneapolis, MN, with a quantitative enzyme immunoassay technique). C: Level of total Ig anti-WT-RBD of spike 
protein for mother and child samples over time, as measured by label-free microarray. D: Fraction profiles relative to the WT 
variant of Ig against other RBD variants, as indicated by the following Greek letters: Alpha, Gamma, Delta, Omicron BA.1 and 
Omicron BA.4/5. The radar plots display the profile for mother (green), umbilical cord (blue) and child (red) samples taken 
at different times: T0 sample (continuous dark lines), T1 (short-dashed light red line) and T2 (long-dashed light green and 
red lines). The black contour line represents the amount of antibodies against WT-RBD taken as reference.
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as radar plots, in which the black contour line represents the 
reference level of anti-WT antibodies. Remarkably, the differ-
ent shapes of the radar plots indicate a larger fraction of anti- 
Omicron BA.4/5 RBD antibodies for the child and umbilical 
cord relative to the mother’s samples. It must also be noted that 
the observed difference in antibody fraction was maintained over 
time despite the overall decrease in the total amount of Ig, as 
shown in Figure 1D. These results confirm a different antibody 
repertoire for the mother and child, with all of the child’s samples 
taken at different t imes (T0, T1 and T2) and the umbilical cord 
sample (T0) showing a significantly greater amount of Ig against 
the Omicron BA.4/5 variant.

DISCUSSION
To the best of our knowledge, this is the first case of sig-

nificant fetal myocardial involvement after a vertical transmission 
of SARS-CoV-2 infection, in which restoration of cardiac function 
at birth was noted. The demonstration of previous infection was 
supported by quantifying the humoral response in the child and 
mother, particularly the presence of anti-N antibodies, as well as 
the detection of specific antibodies against the BA.4/5 viral variant, 
whose epidemic circulation agrees with the first observations of 
abnormalities in fetal subjects. In Italy, the BA.5 variant arrived 
at the beginning of 2022 and became prevalent in June, remain-
ing the most frequent variant until April 2023. Most of the studies 
have focused on the maternal response to SARS-CoV-2 infection1,2; 
however, much less is known about the effect of COVID-19 on fetal 
physiology.

Recently, Goncu et al10 found a similar heart morphology 
and systolic function in post-COVID-19 fetal cardiac evaluation 
compared to a control group, even if the mitral E/A ratio was sig-
nificantly lower.

Turgut et al11 showed a significant reduction in the fetal car-
diac output in pregnant women who recovered from SARS-CoV-2 
infection when the disease had a severe course, while no significant 
differences were observed in mild and moderate cases.

Moreover, Mattos et al12 documented that the increase in 
isolated pericardial effusion coincided with the period of mas-
sive COVID-19 immunization, reflecting a transient inflammatory 
response as a signal of fetal immunization against SARS-CoV-2.

Recently, it has also been observed that hemodynamic and 
ultrasonographic abnormalities of the fetus in maternal COVID-19 
infection are dependent on vaccination status,4 with more cases of 
fetal pericardial effusion noted in the unvaccinated group compared 
to the vaccinated group, which is perhaps related to the transient 
fetal immunization.

We reported a more severe fetal myocardial involvement 
after a vertical transmission of SARS-CoV-2 infection capable 
of triggering an important antibody response in the fetus likely to 
cause a significant but transient inflammatory response, as sup-
ported by increased inflammatory markers. As already reported in 
numerous works, we found that anti-SARS-CoV-2 antibodies were 
highest in people who presented a more severe disease, such as, 
in our case, the neonate compared to the mother, perhaps due to 
different immunophenotypes in COVID-19 patients with a stronger 
inflammatory response in severe disease driving higher antibody 
titers.13

. 

In our neonate, the perinatal follow-up was well docu-
mented, demonstrating a restoration of heart function despite the 
persistence of hyperechogenicity in the middle of the anterior-basal 
interventricular septum. Similarly to reported cardiac involvement 
in children and neonates, in the fetal period, SARS-CoV-2 infection 
may cause indirect or direct target organ damage.10 Even though the 
antibody profile supported SARS-CoV-2 infection, fetal myocardi-
tis can be caused by other infections; these could not be completely 
ruled out.

The unique features of the maternal–fetal interface may lead 
to multiple pathways of host–pathogen interactions. The difference 
in the antibody profile against different varial variants in mother 
and baby may suggest that the infection at week 27 drew a mem-
ory response in the mother, eliciting antibodies against the original 
strain (vaccination), while in the baby, the antibodies elicited were 
against the variant causing the infection.14,15
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