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The aim of this pilot study is to evaluate if SARS-CoV-2 infection or vaccination against
SARS-CoV-2 infection induce observable metabolic effects in follicular fluid of women
who are following in vitro fertilization (IVF) treatments. The possible impact of coronavirus
disease 2019 (COVID-19) on fertility and IVF outcome is considered. We have selected
for this study: six women vaccinated against SARS-CoV-2 infection, five recovered
COVID-19 patients, and we used nine healthy women as the control group. At the
time of oocytes retrieval from participants in the study, follicular fluids were collected
and metabolomic analysis was performed by 1H NMR spectroscopy in combination
with multivariate analysis to interpret the spectral data. The search for antibody positivity
in the follicular fluid aspirates was also carried out, together with the western blotting
analysis of some inflammatory proteins, interleukin-6, tumor necrosis factor α (TNFα),
and the free radical scavenger superoxide dismutase 2. Higher levels of Ala and Pro
together with lower levels of lipids and trimethylamine N-oxide (TMAO) were found in
follicular fluids (FFs) of vaccinated women while lower levels of many metabolites were
detected in FFs of recovered COVID patients. Expression level of TNF-α was significantly
lower both in recovered COVID-19 patients and vaccinated women in comparison to
healthy controls.

Keywords: SARS-CoV-2, COVID-19, follicular fluid, metabolomics, NMR, anti SARS-CoV-2 immunoglobulins,
proinflammatory markers

INTRODUCTION

After a nearly complete pause at the beginning of the coronavirus disease 2019 (COVID-19)
pandemic (Alviggi et al., 2020; Andrabi et al., 2020), assisted reproductive technology (ART)
treatments restarted with proper screening and testing of the patients and safety precautions
(Rajput et al., 2021a,b). With pandemic, new questions arose in all fields of medicine and
healthcare and also in the context of in vitro fertilization (IVF) treatments, where at the moment
there are not enough data on the possible effects of SARS-CoV-2 on fertility and IVF outcome
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(Madjunkov et al., 2020; Elsaddig and Khalil, 2021), and also
on the indirect impact of COVID-19 on reproductive medicine
(Kassie et al., 2021).

It has been documented the absence of viral RNA in
follicular fluid (FF) of a SARS-CoV-2-positive woman and
this suggests that handling of oocytes, sperm, seminal fluid,
or follicular fluid in IVF practice does not constitute a
significant source of infection (Demirel et al., 2021). Also,
the Belgian COVART study showed that SARS-CoV-2 RNA
was undetectable in follicular fluid or vaginal secretions
in the cohort of women analyzed (Kteily et al., 2021).
A recent work by Israeli researchers indicates that specific
antibodies to the virus are present in both serum and
ovarian follicles following infection or vaccination, and no
apparent adverse effect on follicular function is observed
(Bentov et al., 2021).

Many of the questions related to the metabolic pathway of
COVID-19 disease remain to be addressed while the literature
is still scarce and the infection resulting from SARS-CoV-2
is not yet fully understood at the cellular metabolite level.
Various studies have been performed in the last months
on serum (Bruzzone et al., 2020; Shen et al., 2020; Doğan
et al., 2021; Páez-Franco et al., 2021; Shi et al., 2021),
plasma (Chen et al., 2020; Fraser et al., 2020; Kimhofer
et al., 2020; Wu et al., 2020; Lodge et al., 2021), and
saliva (Costa Dos Santos Junior et al., 2020; Sapkota et al.,
2020) of COVID-19 patients. The objectives of metabolomic
works are to identify biomarkers with diagnostic potential
in addition to give a description of the metabolic pathways
involved in the different disorders observed in COVID-
19 patients.

As far as we know, up to now no metabolomic study has
been performed on FF of women infected by SARS-CoV-2
or vaccinated. The aim of the present study is to investigate
whether there is a specific metabolic profile associated with
a past COVID-19 positivity or vaccination in FF of women
who are following IVF treatments; as a control we used
FF collected before pandemic. Nuclear magnetic resonance
spectroscopy (NMR) has shown its utility in various stages
of ART (Asampille et al., 2020). In this study we have
used NMR-based metabolomics that was shown to be well
suited for the characterization of FF and to quantify and
identify its metabolites (Pñero-Sagredo et al., 2010; Baskind
et al., 2011; McRae et al., 2012; Wallace et al., 2012;
O’Gorman et al., 2013).

Follicular fluid is an important component in the growth
and development of the follicle which consists of many
substances secreted from granulosa- and theca cells and
transudates from blood compartment, such as hormones, growth
factors, immune cells, cytokines, enzymes, anticoagulants,
electrolytes, reactive oxygen species, lipids, cholesterol, and
antioxidants. Therefore, changes in FF will influence the
developing oocyte (Freitas et al., 2017). Cytokines in FF
are important for reproduction as they modulate oocyte
maturation and ovulation which influence subsequent
fertilization, development of early embryo, and potential
for implantation (Field et al., 2014; Bianchi et al., 2016;

Robertson et al., 2018). It has been widely reported that
patients with severe COVID-19 disease may undergo the so-
called cytokine storm, which recalls the role of the immune
system in producing an aberrant systemic inflammatory
response (Chen et al., 2021). In particular, the plasma levels
of some inflammatory proteins including tumor necrosis
factor (TNF) and interleukin-6 (IL-6) were significantly
increased in patients with severe COVID-19 (Coperchini
et al., 2021). Consequently, changes in plasma composition
might be also mirrored in FF composition. Therefore, we
evaluated in FF of vaccinated or immunized women the possible
variation in the expression levels of two proinflammatory
cytokines, TNF-α and IL-6, and superoxide dismutase 2
(SOD-2), a mitochondrial isoenzyme that convert the pro-
oxidant superoxide into hydrogen peroxide. Furthermore,
considering that some cytokines modulate the glucose and lipid
metabolism (Shy et al., 2019), possible relationships between the
expression levels of these cytokines and the presence of some
metabolites could be found.

MATERIALS AND METHODS

Study Participants
Twenty women undergoing treatment for IVF at Center
for Reproductive Medicine of “San Carlo” Hospital were
involved in this study. Patient demographics and clinical
data are described in Table 1. A first group consisted
of six women who were vaccinated against SARS-CoV-2
infection (three with Pfizer-BioNTech COVID-19 vaccine,
two with Oxford/AstraZeneca vaccine, and one with Moderna
vaccine). The median times from the second vaccine dose
to recruitment and sampling were 29 days (range 18–
55 days). A second group consisted of five women who
were SARS-CoV-2 affected but became fully negative (as
confirmed by a molecular test) at the time of IVF; their
clinical mild symptoms are reported in Supplementary
Table 1. The average time between the infection of the
patients with SARS-CoV-2 and the retrieval of FF was
7 months (interval: 4–11 months). Both groups were
selected from March to September 2021. Nine healthy
women were used as the control group, they were selected
prior to the start of coronavirus pandemic, from June
to December 2019.

The infertility indications for the group of vaccinated women
were: four male infertility factor, one unexplained infertility,
and one tubaric disease; for the group of recovered COVID-
19 patients the infertility indications were: two male infertility
factor, two unexplained infertility, and one tubaric disease.
All the control women presented mild or moderate male
infertility factor.

Written informed consent was obtained from all participants
enrolled in the study that was approved by the local ethical
committee (Comitato Etico Unico Regionale per la Basilicata,
approval number: 82/2015 of October 7, 2015).

All patients performed ovarian reserve tests: basal follicle-
stimulating hormone (FSH), anti-mullerian hormone (AMH),
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TABLE 1 | Clinical data of the 20 women participating in the study.

SARS-Cov-2 vaccinated Recovered COVID-19 Control§

N. patients 6 5 9

Age (years) 36.2 (4.3) 37.4 (5.9) 36.2 (4.2)

FSH (UI/ml) 6.7 (2.6) 6.5 (3.0) 6.8 (2.0)

AMH (ng/mL) 3.1 (3.1) 2.2 (1.2) 4.3 (4.6)

AFC 11.5 (5.2) 11.4 (5.2) 13.3 (4.2)

Estradiol (pg/mL) 1,828.0 (1,183.5) 1,195.1 (606.2) 1,848.6 (1232.1)

Progesterone (ng/mL) 1.3 (0.9) 1.2 (0.4) 1.3 (0.9)

BMI (kg/m2) 23.9 (4.1) 24.9 (5.3) 22.4 (3.5)

Follicles monitored 8.3 (2.9) 7.0 (4.6) 11.7 (4.7)

Total oocytes collected 4.8 (1.9) 3.8 (3.1) 9.2 (6.1)

MII oocytes 3.2 (1.0) 3.2 (2.3) 7.0 (5.3)

Zygotes 2.5 (1.4) 2.4 (1.7) 1.6 (0.7)*

Blastocysts 1.5 (1.4) 1.0 (0.7) 1.6 (0.7)*

Data are presented as mean values and standard deviation are reported in parentheses.
§ Healthy pre-COVID.
FSH, follicle stimulating hormone; AMH, anti-Mullerian hormone; AFC, antral follicle count; BMI, body mass index.
*The average number of zygotes and blastocysts was calculated on eight healthy controls because two MII oocytes were cryopreserved for one woman.

and antral follicle count (AFC) before starting ovarian
stimulation to have homogeneous samples with respect to
the ovarian reserve.

Participants received stimulation with recombinant FSH
(Gonal-f, Merck Serono, Roma, Italy or Ovaleap, Theramex,
Milano, Italy) or urinary highly purified FSH (Fostimon,
IBSA Farmaceutici Lodi, Italy) and gonadotropin-releasing
hormone (GnRH) antagonist (Cetrotide, Merk Serono or
Fyremadel, Ferring, Milano, Italy). In particular, follicular
stimulation was started on day 2 of menstrual cycle with
an FSH dose calculated according to the nomogram of
La Marca et al. (2013). Follicular growth was monitored
with ultrasound scans and estradiol and progesterone
assessment, first on day 5 and then every 2 days. Daily
administration of a GnRH antagonist (0.25 mg of Cetrotide
or 0.25 mg of Fyremadel) was started when the leading
follicle was 14 mm in diameter and continued until the day of
ovulation trigger.

When at least two follicles had reached 17–18 mm in
diameter, ovulation was triggered with a single subcutaneous
bolus of 10.000 IU of highly purified human chorionic
gonadotropin (hCG) (Gonasi HP 10.000, IBSA). The oocytes
retrieval was performed after 34–36 h. The collection of
cumulus-oocyte complexes and FFs were performed via
transvaginal ultrasound-guided aspiration with a needle
of 18 gauge of diameter. The three major diameter
follicles were identified by intraoperative ultrasound and
FF of each follicle was collected in its own test tube.
We excluded FFs containing blood to avoid altering
metabolomics analysis and we removed FF containing more
than one oocyte.

The oocytes were placed in a buffered medium (G-MOPS Plus,
Vitrolife) at 37◦C and subsequently incubated at 37◦C and 6%
of CO2 in a medium containing bicarbonate, gentamicin, and
human albumin (G-IVF, Vitrolife, Göteborg, Sweden) until the
moment of decoronization. After 2–4 h of incubation, the in vitro

cumulus and corona radiata cells were removed by hyaluronidase
treatment and pipetting.

This procedure was adopted for all oocytes subjected
to intracytoplasmic sperm injection (ICSI). To prevent the
fertilization technique from affecting the ART outcomes, we
fertilized all oocytes with ICSI. Embryos were transferred into
the uterus only on the 5th day, under ultrasound guidance, using
soft or rigid catheters. Blastocysts were deposited at 1.5 cm from
the uterus fundus.

Nuclear Magnetic Resonance
Spectroscopy Sample Analysis
The aspirated FF was centrifuged at 10,000 rpm for 10 min
to remove erythrocytes and leukocytes. The supernatant was
collected and maintained frozen at−80◦C until processing. Only
FF samples not contaminated by the flushing medium during the
aspiration procedure were used in the analysis.

1H NMR spectroscopy was performed as previously reported
(Castiglione Morelli et al., 2018, 2019), here briefly described.

Samples were defrosted at room temperature before
using. 600 µl of the supernatant was mixed with 58 µl
of D2O and 5 µl of TSP (3-trimethylsilyl propionic
acid-d4 sodium salt), that was used as chemical shift
reference (δ = 0). All spectra were acquired at 25◦C
on a Varian 500 MHz spectrometer with no sample
rotation; a Carr-Purcell-Meiboom-Gill (CPMG) pulse
sequence was used to suppress the signals originating
from macromolecules, with a 136 ms total spin echo
time. A pre-saturation of the water peak was used.
A total of 128 scans and 16K points were acquired
with a spectral width of 5,995 Hz and a recycle delay
of 5 s. The spectra were Fourier transformed with FT
size of 32K and a 1 Hz line-broadening, phased and
a polynomial baseline correction was applied over the
whole spectral range.
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The software advanced chemistry development (ACD)/1D
NMR Processor (Academic Edition, ACD Labs, Toronto,
ON, Canada) was used for processing all the spectra
and producing integral buckets of 0.04 ppm. The TSP
signal and the region 4.7–5.1 ppm, around water signal,
were excluded. The integrated region was normalized
to the total spectrum area. Metabolites responsible for
sample differentiation were identified using data from
literature or from the data banks human metabolome
database (HMDB)1 and biological magnetic resonance banc
(BMRB).2

Multivariate Analysis
Nuclear Magnetic Resonance Spectroscopy data were imported
into the program SIMPCA-P + (version 12, Umetrics, Umeå,
Sweden) and subjected to pre-treatment with Pareto scaling
(/
√

SD) which automatically mean-centers the data. An
unsupervised Principal Component Analysis (PCA) model was
built on the entire data set.

Projection to Latent Structures regression (PLS) was
applied to build supervised models using different groups
of women: a first group of six participants with vaccination
against SARS-CoV-2 infection; a second group consisted
of five recovered COVID-19 patients, and the third group
consisted of nine healthy participants who were examined
before COVID-19 pandemic. The overall quality of the
models obtained by PLS discriminant analysis (PLS-DA)
was evaluated by the R2 and Q2 values, where R2 measures
the goodness of fit and displays the explained variation by
components and Q2 gives an indication of the goodness of
predicted model. The PLS-DA models were validated using
permutation tests.

The heatmap shown in Figure 1D was calculated with
Morpheus software.3

Follicular Fluid Anti-coronavirus Disease
2019 Immunoglobulins Detection
For the qualitative detection of the presence of anti-SARS-COV-
2 IgG/IgM in 10 µl of FF, the nCOVID-19IgG&IgM POCT kit
(Technogenetics, Milano, Italy) was used in accordance with
the manufacturer’s instructions. The kit adopts the solid phase
colloidal gold immunochromatographic technology.

Follicular Fluid Western Blot Analysis
Lysates from follicular fluid were prepared with
radioimmunoprecipitation assay (RIPA) buffer (50 mM
Tris–HCl pH 7.5, 150 mM NaCl, 1% Non-idet P-40,
0.5% sodium deoxycholic acid) and 1% protease inhibitor
cocktail (Sigma, Saint Louis, MO, United States). A total
of 5 µg protein from each sample was separated by
15% SDS-PAGE and electrotransfered to a nitrocellulose
membrane (Amersham Bioscience, Buckinghamshire,
United Kingdom). Membranes were stained with Ponceau

1http://www.hmdb.ca/
2http://www.bmrb.wisc.edu/metabolomics/
3https://software.broadinstitute.org/morpheus

S solutions (Sigma, Saint Louis, MO, United States) for
15 min on the shaker at room temperature and then
rinsed with distilled water to remove background stain
for 5 min. Membranes were blocked with 5% milk for
1 h at room temperature and incubated overnight at 4◦C
using the following primary antibodies: 1:100 Anti-SOD2
(sc-130345) (Santa Cruz Biotechnology, Inc., Dallas, TX,
United States), 1:200 Anti-IL-6 Antibody (E-4) (sc-28343)
(Santa Cruz Biotechnology, Inc., Dallas, TX, United States),
and 1:400 Anti-TNFα Antibody (C-4) (sc-133192) (Santa
Cruz Biotechnology, Inc., Dallas, TX, United States).
Membranes were subsequently incubated with horseradish
peroxidase-conjugated secondary antibody [1:2,500 Anti-
Mouse IgG (Fab specific)-Peroxidase antibody produced
in goat (A9917) Sigma, Saint Louis, MO, United States]
for 1 h at room temperature and then evaluated with an
ECLTM Western Blotting Detection Reagents (Amersham
Bioscience, Buckinghamshire, United Kingdom). Images
were captured with ChemidocTM XRS detection system
equipped with Image Lab Software for image acquisition
(BioRad) and processed using GelAnalizer 2010 software
(Istvan Lazar4). Band intensities were totaled for each lane.
Normalization using Ponceau S stain was conducted to minimize
any discrepancies in protein amount. All experiments were
replicated three times.

Statistical Analysis
Normally distributed clinical data were compared across study
groups by univariate ANOVA (Systat 11.0, Systat Software, Inc.,
San Jose, CA, United States). Pairwise comparisons of the means
were performed with Fisher’s least significant differences (LSD)
test. The minimum level of statistical significance was p < 0.05.
Values are presented as mean± standard deviation (SD).

RESULTS

The cohort of women examined consisted of 20 women. They
were selected as follows: six women who received vaccination
against SARS-CoV-2 infection, five recovered COVID-19
patients, and as a control, we chose nine women whose FFs were
collected before the coronavirus pandemic outbreak. Patient’s
demographics and steroidogenic characteristics are reported in
Table 1. There were no significant differences in these parameters
when comparing vaccinated women, recovered COVID-19
patients, and healthy controls.

We found that the normalized ratio of serum estradiol/oocytes
changes among the groups being 380.9, 314.5, and 200.9, for
vaccinated women, previously positive patients, and controls,
respectively. Indeed, in both vaccinated women and recovered
COVID-19 patients the oocytes retrieved/trigger day mature
follicle count was 0.6 and 0.8 in healthy controls, respectively;
the oocytes retrieved/serum progesterone in vaccinated women
was 3.7 vs. 3.2 and 7.1 in recovered COVID-19 patients and
controls, respectively. Finally, in vaccinated women the ratio

4www.gelanalyzer.com
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FIGURE 1 | (A) Principal Component Analysis (PCA) score plot obtained from the 1H-NMR follicular fluid (FF) spectral data of all the 20 women examined in this
study. (B) PLS discriminant analysis (PLS-DA) score plot between healthy women and vaccinated women. The R2X and Q2 values for the two-component model
were: 0.47 and 0.56, respectively; (C) PLS-DA score plot between healthy women and COVID-19 recovered patients. The R2X and Q2 values for the
two-component model were: 0.51 and 0.72, respectively. Data were colored by group: healthy control (N = 9, black dots), vaccinated (N = 6, blue triangles) and
recovered COVID-19 (N = 5, red triangles). (D) Heat map of the most relevant metabolites (with a VIP value > 1) that were associated with the differentiation between
healthy (N = 9, group C) and vaccinated (N = 6, group V) and recovered COVID-19 women (N = 5, exCov). Rows: quantification of NMR integral bin regions of
metabolites with VIP > 1. Columns: different groups of women. Color scale indicates values ranging from blue (the lowest) to red (the highest).

of mature/total number of aspirated oocytes was 0.7 vs. 0.8 of
both previously positive patients and controls, respectively. The
average number of zygotes in vaccinated women (2.5 ± 1.4)
and recovered COVID-19 patients (2.4 ± 1.7) is higher than
in healthy controls (1.6 ± 0.7), although the difference was not
significant. However, the number of blastocysts for the healthy
controls remains the same of zygotes while it decreases in both
vaccinated and ex-COVID-19 women (p > 0.05).

Nuclear Magnetic Resonance
Spectroscopy Results
An exploratory analysis of the 1H NMR spectra from all FFs was
first made using PCA to reveal the main trends in the data set.
A three-component model was obtained with cumulative R2 and
Q2 values of 0.66 and 0.06, respectively, and the PCA scores plot
reported in Figure 1A shows a quite clear clustering of the data

and gives evidence of metabolic differences between the groups,
with the vaccinated women being closer to healthy controls than
the recovered COVID-19 patients.

These differences observed by unsupervised analysis were
confirmed by PLS-DA. The calculated two-component model
reported in Supplementary Figure 1 shows that the first two
principal components contributed positively to discriminate
the healthy women and the groups formed by vaccinated and
previously positive women. To have further confirmation of the
discrimination, we investigated the effects on FF of vaccination
against SARS-CoV-2 or COVID-19 infection by pair-wise
comparisons of these classes respect to healthy controls by using
PLS-DA. The results are shown in Figures 1B,C, respectively.

Furthermore, PLS-DA generated a list of 39 signals with
Variable Importance in the Projection (VIP) values > 1, which
represent 21 potential metabolites useful for the discrimination
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of the three groups (Supplementary Table 2). Four metabolites
resulted significantly different in the group of vaccinated women
in comparison to healthy controls: the levels of Ala and Pro
were higher while those of lipids and trimethylamine N-oxide
(TMAO) were lower (Figure 1D). On the other hand, in the
group of recovered COVID-19 patients, there are significant
lower levels of aminoacids (Ala, Glu, Gln, Phe, Tyr, and
Val), membrane components (cholesterol, choline, glycerol,
glycerophosphocholine, and phosphocholine), and other
metabolites (β-hydroxybutyrate, glucose, pyruvate, and TMAO).

Although the number of subjects included in this study is
limited, our results suggest that in comparison to healthy pre-
COVID subjects the FFs of previously infected women display
more metabolic alterations than those of vaccinated women.

Immunoglobulin Measurements
Only recovered COVID-19 patients showed specific IgG
antibodies in follicular fluid, that were absent both in vaccinated
and control subjects (Supplementary Figure 2).

Evaluation of Some Oocyte Quality
Biomarkers
The analysis of both cytokines and sensors of altered reactive
oxygen species (ROS) levels, is crucial to appreciate the role

of FF milieu on follicle development. To determine whether
SARS-CoV-2 infection and vaccines alter the expression of
inflammation-associated proteins, we evaluated by western blot
analysis the expression levels of proinflammatory cytokines TNF-
α and IL-6. Moreover, the expression level of mitochondrial
superoxide dismutase SOD-2, a sensor of redox balance, was also
evaluated (Figure 2A). Statistical analysis revealed no significant
difference between IL-6 and SOD-2 in follicular fluids derived
from recovered COVID-19 patients and vaccinated women
compared to healthy controls women. Interestingly, median
expression level of TNF-α is significantly lower in recovered
COVID-19 patients and vaccinated compared to healthy controls
women (Figure 2B).

DISCUSSION

Anti-Mullerian hormone (AMH) and antral follicle
count (AFC) together are defined as two valid
biomarkers in the evaluation of ovarian reserve and
patient response to hormonal therapies (Broer et al.,
2011). No significant difference was observed between
vaccinated women, previously positive patients, and
controls (Table 1).

FIGURE 2 | Expression level of interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and superoxide dismutase 2 (SOD-2) proteins in follicular fluids. (A)
Representative western blot of proteins in follicular fluid (FF). (B) Densitometric analysis of the immunoreactive bands performed in three independent experiments.
After densitometric analysis, western blot signals of the target proteins are normalized to the total amount of protein in each lane. The box plots show medians and
whiskers. Significance (∗∗p < 0.01).
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Several studies have reported that the E2/oocytes ratio
is an important predictive parameter for IVF success
(Bu et al., 2015; Taheri et al., 2020). However, Aslih
et al. (2021) have demonstrated that the E2/M2 ratio is a
better biomarker and that lower ratios produced higher
quality embryos and a better pregnancy rate. We found
a higher E2/M2 ratio in both vaccinated and recovered
women (571 and 373, respectively) in comparison to the
control one (264).

Ultimately, even if there is no statistically significant
difference between the three groups of women considered,
the clinical data seem to indicate some difference
between them. In particular, the adequacy of the follicular
response to ovulation triggering tends to decrease in
vaccinated women and recovered COVID-19 patients
compared to controls.

In this study we have found some metabolic differences in
FFs of vaccinated women and previously infected patients in
comparison with healthy controls. In particular, for vaccinated
women we found higher levels of the amino acids Ala
and Pro and lower levels of lipids and TMAO. TMAO is
a metabolite produced from dietary choline and carnitine
by the gut microbiota and, successively, by hepatic flavin
monooxygenases. In a recent study Nagy et al. (2020) showed
that TMAO is associated with unfavorable fertility outcomes:
TMAO is significantly lower in FF from oocytes that underwent
normal fertilization and developed into top-quality embryos.
Our finding of lower levels of TMAO in FFs of vaccinated
women, if confirmed on a higher number of cases, could then
be reassuring about the fertility outcomes of these women
undergoing ART treatment.

We showed that FFs of recovered patients were
positive for IgG antibodies against SARS-CoV-2, as
found elsewhere (Herrero et al., 2022). No detectable
levels of anti-COVID IgG in follicular fluid of vaccinated
women were found.

Besides, lower levels of many important metabolites were
found in recovered COVID patients’ FFs together with the
lowest number of retrieved oocytes; this last finding was also
reported by Herrero et al. (2022).

Oxidative stress, referred to an imbalance between the
concentrations of pro- and anti-oxidants, may play a role
during folliculogenesis and oogenesis (Da Broi et al., 2018).
Granulosa and cumulus cells protect the oocyte from oxidative
stress damage also regulating the expression of the various
SOD isoforms (von Mengden et al., 2020). SOD-2 in human
follicular fluid represents a biomarker of follicle and in turn
oocyte quality. Although not significantly, SOD-2 levels in
FF of vaccinated and recovered women tend to be higher
than in controls to indicate that cells respond with an
increase in defense mechanisms to counterbalance a probable
imbalance of redox homeostasis, thus preventing impairment of
the oocyte quality.

Physiological expression of cytokines and chemokines is
required for optimal ovarian functions; they are produced
by resident and infiltrating leukocytes as well as granulosa
and theca cells (Akison et al., 2018). Inflammatory processes

might compromise steroidogenesis and oocyte development;
in particular, it has been observed that pro-inflammatory
cytokines in FF play essential roles in follicular growth and
ovulation, influence subsequent fertilization, embryonic
development, implantation potential, and implantation of
embryos (Adamczak et al., 2021). It has been shown that
patients with severe COVID-19 disease can be subjected
to the so-called “cytokine storm” (Chen et al., 2021), an
exaggeratedly violent reaction of the immune defenses
which, instead of protecting from the virus, attack all
the patient’s organs. Plasma levels of some inflammatory
mediators such as interferon-gamma, TNF-α and IL-6 were
also particularly high (Cabaro et al., 2021; Coperchini et al.,
2021). Consequently, variations in the plasma composition
could affect the cytokines composition of FF. In both
vaccinated and recovered women, no significant variation
in the levels of the two proinflammatory cytokines was
observed, compared to those of controls. Even, the level
of TNF-α expression is significantly reduced, indicating
that the quality of the oocytes should not be compromised
by inflammatory events attributable to vaccination and
mild COVID-19 infection. Furthermore, in agreement
with low expression of TNF-α we also found a lower
level of TMAO to confirm a reduced inflammatory state
(Yang et al., 2019).

All considered, our results do not indicate high oxidative
stress and inflammation in FFs of both the vaccinated and
recovered women, compared to controls and therefore neither
the folliculogenesis nor the quality of the oocytes would seem
to be compromised.

Our study has two main limitations, that is the small number
of women examined and the different time interval passed
between infection or vaccination and oocyte collection,
that did not consider properly the time-dependency of
the effect of immune response induced by infection or
vaccination. Further studies should then be performed with
a larger cohort of women and potential long-term effects
of vaccination and COVID-19 infection on fertility should
be also evaluated.
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