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Fetal Thymus Size in Pregnant Women with COVID-19 Infection
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ABSTRACT

OBJECTIVE: To determine the effect of SARS-CoV-2 infection on fetal thymus size by ultrasound.

STUDY DESIGN: In this prospective study sonographic fetal thymus size was measured in pregnant
women attending our hospital with confirmed SARS-CoV-2 infection by RT-PCR test and age-matched
control group. The anteroposterior thymic and the intrathoracic mediastinal diameter was determined in
the three-vessel view and their quotient, the thymic-thoracic ratio, was calculated. Results were com-

pared between these two groups.

RESULTS: Thirty-six SARS-CoV-2-infected and 47 control group pregnant women were included in this
study. Two groups were similar in terms of demographic features and no difference was found for fetal

thymus size.

CONCLUSION: COVID-19 seems to have no adverse effect on fetal thymus size in mild and moderate

patients during the acute phase of the infection.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a novel pathogen that causes the excessive produc-
tion of proinflammatory cytokines and leading to an acute res-
piratory distress syndrome (1). The pathophysiology of this
excessive immune response has not to been clarified yet, but
the impaired response of type-1 Interferons (IFNs) in the early
stage of COVID-19 infection and various cytokines such as
IL-1and IL-6 were being accused of cytokine storm in severe
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COVID-19 (2). Also, a recent study about CD4+ and CD8+ T
cell responses to SARS-CoV-2 found that all recovered pa-
tients established CD4+ responses, and 70% established
CD8+ memory responses to SARS-CoV-2 and strong SARS-
CoV2-specific T cell responses were observed in patients who
had severe disease (3).

Pregnancy seems to worsen the clinical outcomes of coro-
navirus disease 2019 (COVID-19) compared with same-age
non-pregnant women (4,5). Additionally, after a year with this
disease, we know that obstetric complications such as preterm
labor, fetal distress, and stillbirths increase (5,6). Excessive
inflammation, altered immune response, and decreased mater-
nal oxygen saturation might be the reasons for these compli-
cations. In addition, placental findings like decidual arteriopa-
thy, villitis, and intervillous thrombi might increase these ob-
stetric adverse outcomes (7).

The thymus is one of the main lymphatic organs responsi-
ble to produce T lymphocytes and the development of the fetal
immune system. Its development starts in the fifth gestational
week from the endoderm. Then, lymphatic progenitor cells
from other immune organs like the liver and spleen start to im-
migrate around the ninth week of gestation which will form
thymocytes (8). The maturation and differentiation of thymo-
cytes to T lymphocytes also occurs in the thymus gland and
this change is essential for a healthy immune system. Around
16-20 weeks of gestation fetal thymus development com-
pleted (9). Decreased fetal thymus size was demonstrated after
fetal immune response syndrome (FIRS), due to chorioam-
nionitis with preterm premature rupture of membranes
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(PPROM) (10). Also, reduced size of this organ was shown in
pregnancies complicated with preeclampsia, intrauterine
growth restriction (IUGR), diabetes mellitus (DM), and fe-
tuses with chromosomal abnormalities (11,14).

Regretfully, the fetal effects of SARS-CoV-2 infection are
still uncertain. In our previous study, we found that COVID-
19 infection has no negative effect on Doppler parameters in
pregnant women (15). However, due to hyper inflammation,
hypoxia, and stress-related conditions; fetal thymus size might
be reduced in COVID-19 positive pregnancies.

In the present study, we aimed to determine fetal thymus
sizes in COVID-19-infected pregnant women to investigate
the effect of infection on the fetal immune system.

Material and Method

This is a prospective study that was conducted between
August 1, 2020, and October 1, 2020, in the Turkish Ministry
of Health Ankara City Hospital with pregnant women con-
firmed to SARS-CoV-2 infection. Positive RT-PCR results
were used for infection confirmation. Patients who tested pos-
itive were hospitalized for mild or moderate COVID-19 were
compared with an age-matched control group of pregnant
women monitored for routine antenatal care. There were no se-
vere or critical cases COVID-19 positive group. Maternal sys-
temic diseases, multifetal pregnancies, growth-restricted fe-
tuses, and fetal structural heart anomalies were used as exclu-
sion criteria. Also, pregnant women with any symptoms of
COVID-19 infection (fever, cough, myalgia, etc.) were not in-
cluded in the control group. Written informed consent was ob-
tained from all participants. The study was conducted by the
Declaration of Helsinki. The applied protocol was approved by
the Turkish Ministry of Health and Medical Research Ethics
Department of the hospital (E1-20-1169) on October 28, 2020.

The gestational age of the patients determined by the last
menstrual period or first-trimester crown-rump length.
Thymus measurements were performed between 28 and 36
weeks of gestation. Same maternal-fetal medicine specialists
performed ultrasound (USG) evaluation with the software of
the GE Voluson S10 Ultrasound machine C1-5-RS convex
probe (1.75-4.95 Mhz). Personal protective equipment was
used by researchers during USG exams of patients infected
with COVID-19. To avoid orthostatic hypotension, examina-
tions were performed in a semi-Fowler position. The thymus
was identified in the anterior mediastinum, in front of the great
vessels, at the level of the three-vessel view as a homogeneous
structure. A transversal section of the fetal thorax in the three-
vessel view was used for the measurement of the fetal thymus
size. The fetal sternum and the fetal spine were defined for
proper measurement. Thymus diameter (anteroposterior thy-
mus diameter) was measured from the posterior edge of the
fetal sternum through the aorta and thorax diameter (intratho-
racic mediastinal diameter) was measured from the posterior
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edge of the fetal sternum through the anterior edge of the fetal
vertebra (Figure 1). The Thymic-thoracic ratio (TTR) was cal-
culated as follows: thymus diameter/thorax diameter.

Figure 1: A transversal section of the fetal thorax in the three-
vessel view. Thymus diameter (anteroposterior thymus diame-
ter): from the posterior edge of the fetal sternum through the
aorta. Thorax diameter (intrathoracic mediastinal diameter):
from the posterior edge of the fetal sternum through the ante-
rior edge of the fetal vertebra

Sonographic measurements were performed before be-
tamethasone administration. Clinical characteristics were col-
lected prospectively by researchers.

SPSS 17 was used for statistical analysis. The Shapiro-
Wilk test, Kolmogorov—Smirnov test were used to determine
the normality distribution of the data. The continuous vari-
ables were presented as mean and standard deviations. Groups
were compared with The independent-sample t-test. A type-1
error below 0.05 was considered statistically significant.

Results

Table I shows the demographic features of patients with
COVID-19 (n=36) and patients in the control group (n=47).
The two groups were homogenous, and no significant differ-
ences were noted in the demographic data. When the TTR
were compared, no difference was found between the
COVID-19 group and the controls. Table II provides a com-
parison of the TTR parameter.

Table I: Demographic data

COVID-19  Control
+group group
(n=36) (n=47) p

Variables

28.7+5.3 27455 0.432
Gravidity (meanzSD) 1.86+1.1 1.74x1.2 0.341
Parity (meantSD) 0.88+t0.6 0.71+0.6 0.412
Gestational Week (meantSD)  34+3.7 34.33.2 0.076

Age (years) (meantSD)
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Table II: Fetal Ultrasound Parameters

Variables COVID-19+group  Control group
(n=36) (n=47) p
TTR (meantSD) 0.34+0.78 0.35+0.78  0.469*

TTR: Thymic-Thoracic Ratio, * Independent T-test

Discussion

COVID-19 is a multisystem infectious disease that is well-
known to cause hyper inflammation and cytokine storm as an
immune response (16,17). The fetal thymus plays a leading
role against infection and inflammation and effected nega-
tively in the presence of maternal infections (10,18). Due to
hyper inflammation, hypoxia, and stress-related conditions;
we thought fetal thymus size might be reduced in COVID-19
positive pregnancies. Surprisingly, the present study did not
find any difference in fetal TTR parameters between COVID-
19 positive pregnant women and controls.

In our study, TTR was used to evaluate thymus size be-
cause it is not influenced by body mass index or fetal gender
(13,19). Therewithal, it is constant throughout gestation and
the mean TTR was 0.44 in normal fetuses, independent of ges-
tational age when the ratio was significantly smaller, being
below 0.3 and with a mean of 0.25 in fetuses with congenital
heart diseases and microdeletion 22ql1 (20). We found a
mean TTR of 0.34+0.78 in the COVID-19 group and
0.35+0.78 in the control group which was in a normal range.

The fetal immunologic effect of maternal infections has
been searched several times before. De Felice et al. showed
that the thymus size was markedly decreased in subclinical
chorioamnionitis in PPROM patients (10). Yinon et al. re-
ported decreased fetal thymus size with PPROM and
chorioamnionitis and found an interesting result that small
thymus has a positive predictive value of 69% for chorioam-
nionitis and raise the possibility of infection (21). This invo-
lution is associated with corticomedullary decrease and lym-
phocyte migration towards affected organs and apoptotic pro-
cess of thymocytes which is a result of hypothalamic-pitu-
itary-adrenal axis activation by the acute response to infection
(22,23). FIRS is a subclinical condition and includes fetal im-
mune system activation that results in the rise of proinflam-
matory cytokines (24). This situation might be against both
microorganisms and non-microbial fragments. High concen-
trations of various cytokines like IL-1, IL-6, TNF-o. demon-
strated in cord blood of fetuses with intra-amniotic infection
or inflammation before (18). Small thymus size pointed as a
sonographic marker of FIRS in several studies (25,26). A re-
cent case report has indicated that fetal inflammatory response
syndrome is caused by SARS-CoV-2 (27). Therefore, we
thought fetal thymus size might be affected negatively by
COVID-19 infection-related events, such as increased cy-
tokine levels and acute respiratory distress. However, we

could not find any difference in TTR between COVID-19 pos-
itive and control groups. Our COVID-19 infected pregnant
women were in the acute phase of infection and had a mild or
moderate category of the illness. This might be the explana-
tion of the present study results.

Gasthaus et al. published research about the thymus size of
the human immunodeficiency virus (HIV) exposed fetuses (8).
They found that HIV-exposed fetuses have increased thymus
size. Writers explained this situation with altered placental
production of inflammatory cytokines in HIV-positive moth-
ers. Also, continuous exposure to HIV antigens throughout
gestation might cause stimulation of T-cells activation and in-
crease to the thymic cortex. COVID-19 is an acute infection
and patients recover mostly for two weeks. Additionally, ver-
tical transmission to the fetus has not been demonstrated to
date (28,29), explaining the findings of the lack of negative ef-
fects of the virus on the fetal immune system.

Relation with fetal thymus size and maternal diseases also
exists in the literature. Mohamed et al. reported an association
between pre-eclampsia with a small fetal thymus (12). There
is another study showed reduced fetal thymus size in diabetic
pregnancies compared with controls (13). Medical stresses
during pregnancy cause activation of the hypotalamo-pitu-
itary-adrenal axis and cortisol release in the fetus and trig-
gered fetal thymus involution (30). Also, these medical condi-
tions occur for a long-time period before they become obvi-
ous. We did not find any difference in the acute phase of the
COVID-19 infection but we think long-time outcomes can be
different.

COVID-19 is still an undiscovered field after more than a
year. Even though SARS-CoV-2 virions were identified in the
placental villi microscopically (31), vertical transmission is
not yet be proven (28,29). The viruses’ fetal effects are still
keeping their mystery and this issue must be clarified with fur-
ther studies focused on both acute and long-time fetal out-
comes.

The main strengths of our study were its novelty and
prospective design. The main limitations were the relatively
low number of COVID-19 cases, no severe category partici-
pants in the COVID-19 group, and a lack of information re-
lated to the long-term outcomes of the fetuses.

In conclusion, COVID-19 infection seems to have no ef-
fect on fetal thymus size in pregnant women with mild/mod-
erate symptoms in the acute phase of the infection. Best of our
knowledge this is the first study evaluating this effect of
SARS-CoV-2 in literature. Further studies of larger numbers
of patients are necessary to confirm the result reported here.
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