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Abstract

Key message Menstruation of adolescent girls might be influenced by Covid-19 mRNA vaccine, however, the ovarian
reserve estimated by AMH is not compromised.

Background Recent studies have suggested that the acute respiratory syndrome coronavirus 2 (SARS-CoV-2) mRNA vaccine
causes menstrual abnormalities which led to concerns regarding its influence on the reproductive system. This study aims
to investigate the influence of the SARS-CoV-2 mRNA vaccine on gynecologic well-being and future fertility of adolescent
girls.

Methods This is a prospective cohort study conducted at a university affiliated medical center between June and July 2021.
Adolescent girls aged 12—16 years who were vaccinated by two Pfizer-BioNTech Covid-19 vaccines (21 days apart) were
included in the study. All participants completed a computerized questionnaire regarding their general medical and gyneco-
logical background at recruitment and 3 months later. Blood samples were collected for AMH levels before and 3 months
following the first mRNA vaccine

Results The study group consisted of 35 girls, and of them, follow-up was completed by questionnaire and AMH sampling
in 35 (90%) and 22 (56%) girls, respectively. Among the 22/35 girls who reported regular menstruation before vaccination,
seven (31.8%) experienced irregularities post-vaccination. Four of the eight pre-menarche girls included in the study reported
on menarche on follow-up. Median AMH levels were 3.09 (IQR 1.96—4.82) pg/L and 2.96 (2.21-4.73) pg/L at baseline and
after 3 months, respectively (p =0.07). After controlling for age, BMI and presentation of side effects, no association was
demonstrated to the change in AMH levels (AMH2-AMHI1).

Conclusions Although menstruation of adolescent girls might be influenced by Covid-19 mRNA vaccine, it seems that the
ovarian reserve estimated by AMH is not compromised.

Clinical trial registration National Institutes of Health (NCT04748172).
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Abbreviation What does this study add to the clinical work

AMH  Anti-Mullerian hormone SARS-CoV-2 mRNA vaccination is associated with

changes in menstrual patterns in adolescent girls,
however, is not associated with a decrease in the
ovarian reserve.
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healthy children [3-5]. A large multicenter randomized con-
trol trial reported a favorable safety profile of the vaccine, a
greater immune response than in young adults, and highly
effectiveness against Covid-19 in children and adolescents
aged 12—15 years. Based on these findings, on May 2021,
the Food and Drug Administration (FDA) has authorized
the expansion of Emergency Use Authorization for the
BNT162b2 vaccine to include adolescents 12 to 15 years
of age, with full approval of the vaccine in persons 16 years
of age or older [6]. A month following the approval, Israel
lunched national vaccination program for 12—16-year-old
adolescences.

Despite the accessibility of vaccination services, a sub-
stantial minority of people delayed the acceptance or even
refused to complete vaccination [7]. Vaccine hesitancy
reflects parents’ concerns about the decision to vaccinate
one’s children, and may lead to a reduction in vaccine cover-
age and eventually an increasing risk of infectious disease
outbreaks and epidemics [8]. It is a significant barrier to
achieve herd immunity in times of global pandemic, which
is considered as one of the leading threats to public health
[9, 10].

A special concern, that was spread quickly via the social
media and had implications on the decision whether to
undergo vaccinations, surrounded the concern whether
SARS-CoV-2 mRNA vaccine could negatively influence
future fertility, especially in young females [11]. Parents
became hesitant and reluctant to get their adolescent girls to
be vaccinated due to lack of confidence and evidence-based
knowledge.

Studies reporting menstrual changes and abnormal bleed-
ing patterns following vaccination are limited [12, 13]. A
study from the Norwegian Institute of Public Health includ-
ing cohort of 5688 Norwegian women reported heavier than
normal bleeding as the change most associated with vaccina-
tion [12]. A recent study including 39,129 fully vaccinated
women between 18 and 80 years old reported that 42% of
women with regular menstrual cycles bled more heavily than
usual after being vaccinated. Among women who typically
do not menstruate, 71% on long-acting reversible contracep-
tives, 39% on gender-affirming hormones, and 66% of post-
menopausal women reported breakthrough bleeding [14].

There is a paucity of data on the potential association
between SARS-CoV-2 mRNA vaccine to future fertility.
Recently, a study conducted by our group estimating the
influence of vaccination on ovarian reserve did not find dif-
ferences before and 3 months following first vaccination in
the levels of serum anti-Mullerian hormone (AMH) [15] or
the response to ovarian stimulation [30]. The results of these
studies provided reassurance for women hesitant to complete
vaccination against Covid-19 due to concerns regarding its
effect on future fertility. Yet, these study included women
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18 years old and above, and did not include data regarding
gynecological well-being.

Due to all the aforementioned, and the limited pub-
lished information regarding the sub-population of adoles-
cence females, we aim to evaluate the possible effects of
the mRNA SARS-CoV-2 vaccine on adolescence gyneco-
logical well-being before and 3 months following the first
vaccination.

Materials and methods

This is a prospective study conducted at a university affili-
ated tertiary medical center, including adolescence females,
aged 12 to 16 years, who were about to receive first vac-
cine by the Pfizer-BioNTech Covid-19 vaccine, between
June and July 2021. Report of past Covid-19 infection con-
firmed by PCR test during infection or previous vaccination
were causes for exclusion. As participates are under-aged,
informed consent was signed by legal trustee.

Upon recruitment, all participants completed a com-
puterized questionnaire about their general medical and
gynecological background. Questions included information
regarding the presence of secondary sexual characteristics,
age of menarche, menstrual regularity (defined as periods
that appear the same length every month with average of
menstrual cycle length between 24 and 38 days), abnor-
mal bleeding patterns (menorrhagia, inter-menstrual spot-
ting), dysmenorrhea, sexual activity, contraception use and
gynecological diagnosis (poly-cystic ovaries, endometriosis,
ovarian cyst). In addition, blood samples for AMH plasma
levels were collected. The second mRNA vaccine was given
21 days after the first. A follow-up visit was scheduled at
3 months after the first vaccination. During this visit, the
participants were asked to complete a second computerized
questionnaire focusing on their gynecological well-being
and possible adverse effects following vaccinations. In addi-
tion, a second blood sample was collected for AMH levels.

Plasma concentrations of AMH were determined in the
Sheba Medical Center accredited Endocrine Lab using
Beckman Gen IT ELISA kit with normal range values of
0.3-10.8 (mg/L) [16].

Primary outcome was defined as a change in menstrual
regularity. Secondary outcomes included changes in men-
strual intensity or length, side effects rate reported following
the first and second shots and the estimated change in AMH
levels at 3 months following the first vaccine minus the first
AMH levels (Delta AMH =Second AMH - first AMH).
Changes were also expressed as percentage changes (Delta
AMH*100)/First AMH).

The study protocol was approved by the “Sheba
Medical Center” Ethical Committee Review Board (ID
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8121-21-SMC) on the 8th of February 2021 and was regis-
tered at the National Institutes of Health (NCT04748172).

Statistical analysis

Sample size calculation was performed for the primary out-
come (change in irregularity rate; a priori analysis). For a
two-tailed test, effect size=0.5, ®=0.05 and 1-f=0.80, a
sample size of 35 was required.

We used paired ¢-test for comparing AMH level between
first and second blood samples. We calculated the percent
difference between the second and the first AMH values
and defined a significant decline in AMH levels when the
second AMH decreased by more than 10% than the first
AMH. Comparisons between groups were conducted with
Student’s t-test, Mann—Whitney U test, or Chi-square and
Fisher’s exact tests as appropriate for normally distributed,
not normally distributed or categorical variables respec-
tively. Two-sided P <0.05 was considered statistically sig-
nificant. Logistic multivariate regression analysis was used
to determine which factors were significantly and indepen-
dently associated with the percent change in AMH levels.

Sample size calculation was performed with
the G*Power 3.1. software. All additional statistical analyses
were performed using the IBM SPSS Statistics for Windows,
Version 27.0. Armonk, NY: IBM Corp.

Results

A total of 39 adolescent girls were recruited for the study,
and of them, follow-up was completed by questionnaire and
AMH sampling in 35 (90%) and 22 (56%), respectively. All
participants completed two vaccinations (Fig. 1).

The clinical characteristics of the study population are
presented in Table 1. The mean age was 13.8 (= SD 1.26)
years. Mean BMI was 20.83 (+SD 5.44) with two girls
being overweight and three obese (maximal BMI 33.59).
Eight girls (22.9%) were pre-menarche. Regular menstrua-
tion was reported in 23 (65.7%) of the girls. None of the
study population had known abnormal gynecological diag-
noses, excluding two girls who were under investigation for
endometriosis due to dysmenorrhea. All girls reported not
being sexually active and none was exposed to hormonal
contraception, nor any other contraception method.

On follow-up 3 months after receiving the first vaccine,
4/8 (50%) of the pre-menarche girls reported experiencing
their first menstruation. Among the girls reporting regular
menstruation (n=23), two (8.9%) suffered from irregular-
ity during the first month following vaccination that has

Recruited n=39

-Requested to
stop participance
n=4/39 (10%)

Follow up

n=35

AMH Questionnaire
Follow up Follow up

n=22/35 (62%) n=35/35 (100%)

Fig. 1 Study population

resolved, and in five (21.7%) girls the pattern has contin-
ued to be irregular on the 3-month follow-up visit. One
girl reported longer bleeding duration than usual and one
reported heavier bleeding. None experienced a reduction in
the amount nor the length of menstrual bleeding.

Median AMH levels were 3.09 (IQR 1.96-4.82) pg/L
and 2.96 (2.21-4.73 pg/L at baseline and after 3 months,
respectively (p =0.07). Figure 2 presents scatter plot of
AMH levels at 3 months (y axis) as a function of the
baseline AMH levels (x axis). The plot demonstrates
that nearly all values in the study group are close to the
diagonal line, reflecting no statistical difference for the
change in AMH values at recruitment and at 3 months
after vaccination.

Based on delta AMH (AMH3-AMHO), the percent
change in AMH levels [(Delta AMH*100) AMHO] was
calculated. Reduction (decreased by more than 10% than
the first AMH), elevation (elevated by more than 10%)
and no change were found in 9 (40.9%), 5 (22.7%) and 8
(36.4%) of the girls, respectively, with no statistical dif-
ference between the groups (p =0.55). A logistic regres-
sion analysis was additionally performed to adjust for
potential confounders. After controlling for age, BMI
and side effects following the first and second vaccines,
and in consistence with previous findings, no association
was found to the change in AMH levels (AMH2-AMH1).

Table 2 describes the side effects following vaccination.
The frequency of experiencing any side effect was higher
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Table 1 Study group’s characteristics

Vaccinated (n=35)

Mean+SD Median (25th—75th percentile)
Age (years) 13.8+1.3 14.0 (12.9-14.6)
BMI (kg/m?) 20.8+5.4 19.0 (17.2-22.4)
Menstruation frequency (days) 28.0+7.4 28.0 (28.0-30.0)
Menstruation length (days) 49+1.3 5.0 (4.0-5.0)
AMH first (micq/1) 33x15 3.1 (2.0-4.8)
AMH second (micq/l) 34+1.7 3.0(2.2-4.7)
Delta AMH 0.1+0.7 —0.01 (-0.3t00.8)
Change (%) in AMH 3.9+25.0 — 0.6 (-11.8-21.92)
Interval between AMH examination (days)

n %
Pre-menarche 8 22.8
Regular menstruation 23 65.7
Dysmenorrhea 4 11
Suspected endometriosis 2 5.7
PCOS 0 0
Oral contraception 0 0

BMI body mass index, AMH anti-Mullerian hormone, PCOS poly-cystic ovary syndrome
*Fisher’s exact test for variable dichotomized into yes or no

Fig.2 Scatter plot of AMH col-
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by 1.5 following the second shot compared to the first  (more than 10% change) in AMH levels revealed no associa-
(p=0.016). The most frequent complain was local pain at  tion following the first nor the second vaccine with p=0.73
the site of injection. Analysis evaluating whether an associa-  and p=0.91, respectively.

tion between experiencing side effect to a possible change
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Table 2 Side effects’ characteristics and rates following vaccination

Side effect P value
1st vaccine (n=235) 2nd vaccine
(n=35)

n % n %
Local pain 13 37.1 17 48.6
Head ache 4 114 9 25.7
Abdominal pain 11 314 3 8.6
Fever 1 2.8 5 14.3
Muscle pain 2 57 8 22.8
Total 14 40 21 60 0.016
Discussion
Principle findings

The main findings of our study are: (1) menstrual regular-
ity was influenced by SARS-CoV-2 mRNA vaccination in
adolescent girls. (2) SARS-CoV-2 mRNA vaccination might
be associated with the appearance of menarche. (3) AMH
was not significantly altered following vaccination. (4) No
associations were found between the presence of side effects
to the change in AMH levels nor the trend.

Clinical implications

The menstrual cycle is a complex interaction between vari-
ous tissues, hormones, and organ systems. As such, the
menstrual cycle is sensitive to endogenous and exogenous
factors, including infection and changes in lifestyle. Emerg-
ing evidence suggests that SARS-CoV-2 infection, psycho-
logical stress related to the Covid-19 pandemic and Covid-
19 vaccination, may all influence the menstrual cycle [13,
17-19].

Menstrual changes seems to be a part of the post-acute
sequelae of SARS-CoV-2 following infection [17]. A ret-
rospective study including 237 women of child-bearing
age diagnosed with Covid-19 revealed that the average sex
hormone concentrations and ovarian reserve did not change
significantly and were comparable to age-matched con-
trols [13]. However, nearly one-fifth of patients exhibited
a menstrual volume decrease or cycle prolongation. The
assumption is that those menstruation changes might be the
consequence of transient sex hormone changes caused by
suppression of ovarian function that quickly resumes after
recovery.

The psychological stress related to the Covid-19 pan-
demic changes in menstruation has also been studied. Khan
et al. [20] conducted a cross-sectional online survey study
evaluating the menstrual cycle characteristics of 263 women

in the reproductive phase of their lives during the Covid-19
pandemic in May 2020. They reported that elevated anxiety
scores increased women’s menstrual symptoms while the
length of periods and the number of pads used decreased.
An anonymous digital survey conducted by Phelan et al.
[19] including 1031 women revealed that 46% of the women
reported a change in their menstrual cycle since the begin-
ning of the pandemic, 53% reported worsening premenstrual
symptoms, 18% reported new menorrhagia (»p =0.003) and
30% new dysmenorrhea (p <0.0001) compared to before the
pandemic.

Paucity of scientific research is published on menstrual
changes following vaccination. Moreover, data regarding
the sub-population of adolescent girls is lacking. Our study
revealed that 20% (n=7/35) of adolescent vaccinated girls
will experience a change in menstrual regularity. 50% of pre-
menarchal girls experienced their first menstruation during
the 3-month follow-up. We acknowledge that this subgroup
was relatively small; however, following this observation a
possible association cannot be ruled out.

A few biological mechanisms plausibly explain the rela-
tionship between an acute immune challenge like a vaccine,
that systematically affects hemostasis and induces inflam-
mation process, and menstrual repair mechanisms [21, 22].
Menstruation has many of the features of an inflammatory
process [23]. The complexity and sequence of inflammatory-
type events, including several leukocyte types that change
greatly through the menstrual cycle, are leading to the final
tissue breakdown of the endometrium presented as bleed-
ing. These leukocytes have a range of functions related
to mucosal protection, breakdown, repair and remodeling
[23]. Progesterone has anti-inflammatory properties, and its
rapidly declining levels in the late secretory phase of each
non-conception cycle, initiates a sequence of inflamma-
tory events involving local inter-cellular interactions within
the endometrium [21, 24]. Most probably, due to a similar
mechanism evoking the immune system, menstrual irregu-
larities have been reported with previous vaccines [25-27].
Hepatitis B studies have also indicated possible alternation
in menstruation [27], and HPV post-market safety study
found that over a quarter of participants reported temporary
irregularities in menstruation [25, 26]. It might be reason-
able to assume a similar inflammatory mechanism post-acute
infection sequelae of SARS-CoV-2 [17] and vaccination.

Data on the influence of SARS-CoV-2 mRNA vacci-
nations on fertility and ovarian function are limited. The
SARS-CoV-2 attacks human cells through binding of the
viral S-protein to the ACE2 receptor. This S-protein is used
in the mRNA vaccines as a presenting antigen and it was
questioned whether such a pathway might negatively affect
ovarian integrity [28, 29]. A recent study including 36 cou-
ples undergoing IVF treatment cycle before and 8-92 days
after receiving mRNA SARS-CoV-2 vaccine found no
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influence of mRNA SARS-CoV-2 vaccine on patients’
performance during their immediate subsequent IVF cycle
[30]. Bentov et al. demonstrate anti-SARS-CoV-2 IgG in
follicular fluid (FF) from both infected and vaccinated IVF
patients, with no evidence for compromised follicular func-
tion compared to controls [31]. A study conducted by our
group estimating the ovarian reserve by anti-Mullerian
hormone (AMH) did not find statistical difference before
and 3 months following first vaccination in women above
18 years old [15]. Similar concerns to fertility were raised
when Human Papilloma vaccine was introduced, especially
as it was recommended for adolescents and young adults.
These concerns were refuted by a population-based cohort
study of nearly 200,000 women that found no association
between the HPV vaccine and premature ovarian insuffi-
ciency [32]. Our study demonstrated that at 3 months after
SARS-CoV-2 mRNA vaccinations, AMH levels did not
change significantly. Our findings in adolescent girls are in
concordance with previous studies demonstrating no signifi-
cant influence on ovarian reserve following SARS-CoV-2
mRNA vaccination.

Limitation and strength

The study has strengths that should be acknowledged. To
the best of our knowledge, this is the first study evaluat-
ing changes in menstrual patterns in the sub-population of
adolescent girls following the new SARS-CoV-2 mRNA
vaccine. Moreover, an objective parameter (AMH levels)
was used in order to assess the potential influence of the
vaccine on ovarian reserve. Each participant served as her
own control. Follow-up was possible in 100% by question-
naire. All participants were diagnosed in a single medical
center and were evaluated by the same team. AMH levels
were determined in one central laboratory during the same
time period and the two personal AMH evaluations were
performed during the same laboratory run.

This study has also limitations that need to be mentioned.
Although it was prospectively designed, for ethical reasons,
we could not assign a priori a randomized unvaccinated con-
trol group. Study group was relatively small limiting the
ability to generalize our findings. Although the question-
naire was completed by 100% of the participants, only 22
girls (62%) agreed to return for a second blood sampling at
3-month follow-up. The study examined plasma AMH levels
at 3 months after the first vaccination. It could be argued
that possible deleterious ovarian and AMH changes caused
by the SARS-CoV-2 mRNA vaccinations might take effect
only at a later time. Only long-term studies will be able to
examine this issue.
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Conclusion

In the present study, we found that menstrual patterns in
adolescence girls were influenced by mRNA SARS-CoV-2
vaccinations. Moreover, it might have been associated to
changes in the maturation of the endocrine system lead-
ing to menarche due to inflammatory process. Neverthe-
less, plasma AMH levels before and 3 months following
two mRNA SARS-CoV-2 vaccinations did not change sig-
nificantly in this population. Although changes have been
observed in AMH levels on follow-up, non-have been found
to be significant or related to the presence of side effects
following vaccination.

Consultation and familiarity with this phenomenon’s
should be reassuring for hesitant parents who are weigh-
ing their child’s pubertal development and future fertility
against their risk of getting Covid-19. Changes to menstrual
bleeding are not uncommon nor a sign to diminished future
fertility, yet attention to these experiences is necessary to
build trust in medicine.

Therefore, we conclude that SARS-CoV-2 mRNA vac-
cinations can be associated to changes in menstruation pat-
terns in adolescent girls, however, are not associated with
a decrease in ovarian reserve. This information could be of
significant value to physicians and patients alike. Additional
studies and longer term follow-up could further strengthen
our findings.
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