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ABSTRACT

Introduction: Many vaccines have been developed to alleviate the risk of infection against the pandemic corona virus disease
2019 (COVID-19). Tooth and palatal development are influenced by acquired or inherited variables that may affect the general
health. The effect of vaccines on organ development is an essential step for vaccine safety insurance.

Aim of the study: To detect the effect of different types of COVID-19 vaccines on tooth and palatal development..
Materials and Methods: Sixty female rats were arranged into four groups. Each group received either intramuscular injection
of saline (Group I), mRNA vaccine (Group II), adenoviral vector vaccine (Group III), or inactivated vaccine (Group IV) at 21
and 14 days before mating and on the ninth day of gestation. The heads of the offspring “one day old” were collected, processed
and stained by hematoxylin and eosin (H&E), Beta-catenin (B-catenin) and transforming growth factor—Beta2 (TGF-f2). The
expressions of B-catenin and TGF-B2 in the developing tooth germ and palate were analyzed statistically.

Results: No histological or morphological changes in the developing teeth and palate were recorded in all studied groups except
for the developing tooth germs in groups III and IV. All groups showed positive B-catenin and TGF-B2 immunoreactivity in
the developing tooth germ and palate. Statistically, the vaccinated groups showed a significant difference in immunopositive
area% to Group I, except B-catenin in Group II, and TGF-B2 of the developing palate in groups II and I'V.

Conclusion: mRNA COVID-19 vaccine is safer than adenoviral vector and inactivated vaccines regarding tooth or/and

palatal development.
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INTRODUCTION

Corona virus disease 2019 (COVID-19) has affected
millions of people worldwide since being formally
announced a pandemic by the World Health Organization
(WHO) on March 11, 2020, Several types of COVID-19
vaccines have been developed within a year of the first
reports of COVID-19%, such as nucleic acid-based
messenger RNA (mRNA) vaccinel, vaccines using
adenoviral vectors™, and inactivated vaccinel!.

The lipid nanoparticle formulated nucleoside-
modified mRNA vaccine demonstrated 95% efficacy
and >90 % effectiveness in clinical trials and direct use
studies respectively. It proved great success in preventing
COVID-19 in adults? 7.

Adenovirus-vector protein vaccine  successfully
brought about immunogenicity with 81% efficacy™®l.
Additionally, its production needs limited resources, as
it does not require the same cold-chain management and
is more affordable than the mRNA-based COVID-19
vaccines®.
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Inactivated or dead virus based vaccine has shown
good immunogenicity in experimental animals!!?,
besides demonstrating 43.7% to 70.2% efficacy against
symptomatic COVID-19!11,

Data have shown that pregnant women might be at
higher risk related to COVID-19 infection, nevertheless
with the development of COVID-19 vaccines, there was
an increasing potential to alleviate this risk('>!3],

Some animal studies used mRNA and adenoviral
vector vaccines without recording any risk on
pregnant animals or developmental deformities on
their neonates!'*!, Furthermore, studies performed on
pregnant women revealed the safety of different Covid-19
vaccines administration during pregnancy, as there was no
detection of maternal or neonatal death!!®!7],

Although WHO permits the use of different types
of vaccines during pregnancy, the Royal College of
Obstetricians and Gynaecologists recommended mRNA
vaccines in pregnancy as most of the present studies were
related to this type of vaccines without detection of any
safety concerns. Yet, a number of countries put limitations
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on vaccination during pregnancy; some of them do not
recommend vaccination during pregnancy, while others
prevented vaccination in the first trimester due to very
limited studies on vaccination in early pregnancy and long
term follow up of infant development and growth!'®,

Developmental abnormalities caused by genetic
changes, either inherited, or acquired from physical,
chemical and biological sources, are able to cause
alteration in number, shape, size and structure of
teeth!®2°1 - Additionally, they affect the growth, elevation,
or fusion of the palatal shelves®!.

Wingless - integrated / Beta-catenin (Wnt/B-catenin)
canonical pathway is one of the pathways essential for
the development and function of many cells and tissues,
including craniofacial skeleton, muscles and teeth>?3)
B-catenin is a key mediator for the canonical pathway, it
also functions as an adhesive junctional protein through its
complex with E-cadherin®*.

Tooth development is initiated by Wnt/B-catenin
signaling which is considered upstream to other signalling
pathways related to tooth formation™. Excessive
activation or inactivation of B-Catenin in the formed
tooth epithelium cause developmental abnormalities in
the form of supernumerary teeth!?>?! or arrest at bud
stagel?”! respectively. During palatogenesis, p-catenin
epithelial-mesenchymal interactions act a pivotal role in
palatal elevation and fusion?” %,

On the other hand, transforming growth factor-Beta
(TGF-P) is associated with multiple biological actions,
including cell growth, apoptosis, synthesis and degradation
of extracellular matrix, along with the development of
multiple craniofacial structures®®”. TGF-B2 isoform is
expressed in all stages of odontogenesis and is related
specifically to cellular differentiation®”, besides being
expressed during adherence of the palatal shelves*!-32],

From the previous data, this study aimed to evaluate
the effect of differently synthesized COVID-19 vaccines
on dental and palatal development in albino rat’s offspring
and to assess the expression of B-catenin and TGF-B2 in
these tissues.

MATERIALS AND METHODS

Ethical Statement

The current research followed the ARRIVE guidelines
2.0 for reporting animal research and was approved by the
Research Ethics Committee of the Faculty of Dentistry, Ain
Shams University, Cairo, Egypt (FDASU-Rec IR102208).

Animals

Sixty fertile female Wistar albino rats weighing
around 220g were used and housed in cages (five rats/
cage), until the time of mating when each three female
rats were housed with one healthy fertile male rat in one
cage at the animal house of “Medical Research Centre” of
Ain-Shams University. Rats were maintained in a room

with good ventilation and received regular diet composed
of carbohydrates, protein and fresh vegetables till labour.

COVID-19 vaccines

Nine vials of mRNA (1.8 ml), six vials of adenoviral
vector (5 ml) and six vials of inactivated (5 ml) COVID-19
vaccines were obtained from the Egyptian Ministry of
Health and Population.

Animal grouping

Female rats were arranged into four groups
(15 rats each), the rats received either intramuscular
injection of saline (Group I Control), 30 pg/0.3 ml/dose
of mRNA vaccine (Group 1), 0.5 ml/dose of adenoviral
vector vaccine (Group III)1*, or 0.5 ml/dose of inactivated
vaccine (Group V)B4,

The rats were administered a total three doses of either
saline or vaccines 21 and 14 days before mating and on
the ninth day of gestation, which was confirmed by the
collected vaginal smears!',

Sample collection and preparation

After birth, one newborn (one day old) of each female
rat was sacrificed by overdose of anaesthesia (Ketamine)
and was considered the sample of the present study, (n=15)
from each group.

The heads of the newborns were dissected, divided
coronally in front of external ear into two halves, fixed in
10% phosphate buffered formalin solution for five days,
immersed in ethylene diamine tetra-acetic acid for 1 week,
dehydrated, and embedded in paraffin wax**l. Afterwards,
sections were cut into 4 pm thickness and stained by
hematoxylin and eosin (H&E), in addition to B-catenin and
TGF-B2 immunohistochemical markers.

H&E staining

After mounting the sections, on regular microscopic
slides, deparaffinizing in xylene, and rehydrating in
descending concentrations of ethanol, they were finally
stained by H&E stain®*,

Immunohistochemical staining

Sections were mounted on positively charged
microscopic slides and microwaved for 20 min in
0.01mol/L citrate buffer (pH 6) to retrieve the antigen.
Blocking of endogenous peroxidase was performed using
3% of H202, while blocking of the non-specific reactions
was done by incubating the sections in goat serum for
30 min. Next, B-catenin (14) mouse monoclonal primary
antibody, (Cell Marque Corporation, USA, Catalog#
224M) and TGF-B2 polyclonal primary antibody, (Boster
Biological Technology, Pleasanton CA, USA, Catalog
# A00892) were used with dilution 1:200 each at 4°C
for 24 h. Following that, sections were incubated in
biotinylated secondary antibody with streptavidin-
horseradish peroxidase conjugate. For developing brown
colour, diaminobenzidine was added to the sections for 10
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min. Lastly, sections were counterstained by using Mayer
hematoxylin®®*7). The positive brown immunoreactivity
appeared cytoplasmic and membranous in B-catenin®* and
cytoplasmic in TGF-2B%,

All slides were captured at 40x and 400 magnifications
by light microscope (Olympus® BX 60, Tokyo, Japan).

Histomorphometric analysis

Non overlapping six fields of the developing tooth
germs and three fields of the developing palate from
one section of each rat in all four groups, stained with
B-catenin and TGF-B2 antibodies were captured at
400%. The positive immunoreactivity area% of these
fields was calculated using Image analysis software
(Image J, 1.41a, NIH, USA) after conversion of the
captured images into 8-bit monochrome and performing
colour thresholding.

Statistical analysis

Statistical Package for the Social Sciences 20 (SPSS®
Inc., Chicago, IL, USA) was used to analyze the recorded
area% from the histomorphometric analysis. Data were
presented as mean values + standard deviation (+SD).
One-way ANOVA test for comparing between all studied
groups was used followed by Tukey’s post hoc test for
pairwise comparison. P-value < 0.001 or < 0.05 or >0.05
indicates high significant, significant or insignificant
results respectively.

RESULTS
H&E results

Tooth development

All examined upper and lower first molar tooth germs
of Group I appeared in the early bell stage and were
connected to the oral epithelium by lateral dental lamina.
Dental organ enclosed dense dental papilla and both were
surrounded by a less dense dental sac (Figure 1a). Dental
organ showed tall columnar inner dental epithelium resting
on a thin basement membrane. Two to three rows of flatten
stratum intermedium cells, network of stellate reticulum
cells and cuboidal outer dental epithelium cells were
noticed. Dental papilla appeared dense with numerous
cells. Dental sac appeared loose and was formed of spindle
shaped fibroblasts connected to each other by cytoplasmic
processes (Figure 1b).

In Group II, all upper and lower first molar tooth
germs represented early bell stage and were connected by
lateral dental lamina to the oral epithelium (Figure lc).
Dental organ, dental papilla and dental sac showed almost
the same histological picture as in Group I except for the
outer dental epithelium cells that appeared more flattened
(Figure 1d).

All first molar tooth germs of Group III demonstrated
early bell stage with changed morphology in the upper
tooth germ, while intact lateral dental lamina connecting
both tooth germs to oral epithelium was noticed

(Figure 1e). Tall columnar inner dental epithelium, flatten
stratum intermedium cells formed of two to three rows,
and cuboidal outer dental epithelium cells were detected.
Some areas of cellular degeneration were observed in-
between stellate reticulum cells. Dense dental papilla and
loose dental sac were seen (Figure 1f).

Group IV first molar tooth germs appeared in the
early bell stage, showed morphological changes, and were
connected to the oral epithelium by ordinary lateral dental
lamina (Figure 1g). Inner dental epithelium showed cellular
degeneration and were detached from basement membrane
at some regions. Several rows of stratum intermedium cells
and network of stellate reticulum cells were detected. A
flat and discontinued layer of outer dental epithelium cells
was noticed. Dental papilla showed thin layer of predentin,
single layer of columnar shaped odontoblasts with apically
located nucleus, and numerous spindle shaped cells. Dental
sac with spindle shaped cells was observed (Figure 1h).

Palatal development

All examined specimens in all groups revealed fusion of
bilateral palatine shelves with remnant of midline epithelial
seam in-between (Figures 2 a,c,e,g). The midline epithelial
seam was obviously detected in Group III (Figure 2¢). With
a higher magnification, the developing secondary palate
was covered from the oral side by keratinized stratified
squamous epithelium. The underlining connective
tissue showed spindle shaped fibroblasts connected by
cytoplasmic processes, some blood vessels and traces
of midline epithelial seam. Intact connective tissue in
all groups was noticed, it appeared dense in Groupl
(Figure 2b), and Group IV (Figure 2h), and loose in Group
II (Figure 2d) and Group III (Figure 2f).

Immunohistochemical and statistical results
p-catenin result
Tooth development

All groups showed positive immunoreactivity that
was more detectable in all dental organs and odontoblasts
more than other cells in dental papilla and dental sac.
The highest mean area% was recorded in Group I
(Figure 3a), followed by Group II (Figure 3b) that showed
no statistically significant difference to Group I, then
Group III (Figure 3c). The least mean area% was recorded
in Group IV (Figure 3d) that showed no statistically
significant difference to Group III (Table 1, Figure 31).

Palatal development

Positive immunoreactivity was apparently observed in
the oral epithelium more than the connective tissue cells
in all studied groups. The midline epithelial seam showed
apparently few positive immunoreactivity in groups I and
I1, and negative immunoreactivity in the other two groups.
Group I (Figure 3e) represented the highest mean area%,
followed by Group II (Figure 3f) with no statistically
significant difference between both groups, then followed
by Group IV (Figure 3h). Group III (Figure 3g) showed the
least mean area% (Table 1, Figure 3j).
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TGF-p2 result
Tooth development

All  groups showed more obvious positive
immunoreactivity in the inner dental epithelium cells and
odontoblasts than other cells in the dental organ, dental
papillaand dental sac. Moreover, Group [ showed detectable
positive immunoreactivity in outer dental epithelium
cells. Group I (Figure 4a) recorded the highest mean
area%, then Group III (Figure 4c), followed by Group II
(Figure 4b) with no statistically significant difference
between it and Group III. Group IV (Figure 4d) represented
the least mean area% (Table 1, Figure 41).

Palatal development

Positive immunoreactivity was observed in the oral
epithelium and connective tissue cells of all groups.
Only Group III showed positive immunoreactivity in the
midline epithelial seam. Group III (Figure 4g) revealed the
highest mean area%, followed by Group IV (Figure 4h),
then Group II (Figure 4f), and the least mean area% was
recorded in Group I (Figure 4¢). There was no statistically
significant difference between Group I, II and IV
(Table 1, Figure 4j).

Group II

Group III Group IV
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Fig. 1.Photomicrographs of the developing first molars tooth germ in (a & b)- Group I, (¢ & d)- Group II, (e & f)- Group III, and (g & h)- Group IV showing:
lateral dental lamina connecting tooth germ to oral epithelium. Dental organ formed of inner dental epithelium resting on basement membrane, stratum
intermedium, stellate reticulum and outer dental epithelium cells. Dense dental papilla and loose dental sac with spindle shaped fibroblasts. Group III revealed
some degenerated stellate reticulum cells. Group IV showed degenerated inner dental epithelium with detachment from basement membrane at some regions,
predentin and odontoblasts. UTG, upper tooth germ; LTG, lower tooth germ; OE, oral epithelium; LDL, lateral dental lamina; DO, dental organ; DP, dental
papilla; DS, dental sac; IDE, inner dental epithelium; ODE, outer dental epithelium, SR, stellate reticulum; SI, stratum intermedium; BM, basement membrane;
FB, fibroblasts; OB, odontoblasts, PD, predentin; D, degeneration; DT, detachment (H&E, original magnification (a, c, e, g) 40x, (b, d, f, h) 400x%).

Group I Group II

Group III Group IV

Fig. 2. Photomicrographs of the developing secondary palate in (a & b)- Group I, (¢ & d)- Group II, (e & f)- Group III, and (g & h)- Group IV showing: fusion
of the two palatal shelves with remnant of midline epithelial seam and keratinized stratified squamous epithelium covering the secondary palate from the oral
side. Connective tissue revealed spindle shaped fibroblasts, some blood vessels and traces of midline epithelial seam. PS, palatal shelf; MES, midline epithelial
seam; OE, Oral epithelium; FB, fibroblasts; BV, blood vessels; CT, connective tissue (H&E, original magnification (a, ¢, e, g) 40%, (b, d, f, h) 400x).




Hassan and Ahmed

Group I Group I1 Group III

\ \§g\\‘\~\;§= \'l::x;
N NN
NS
7 NS B Ny
M 3
> \:‘\\\\ N

p— —

€35 —s £ e
3 s6
£ H
b
825 E
£ £ 4
s a

20
: L
g 5
3 -
g0 H

s 1

0 . = 0 !

Group I Group II Group 111 Group IV Group I Group II Group III Group IV

Fig.3 Photomicrographs of the developing tooth germ in (a)- Group I, (b)- Group 11, (c)- Group IlI, and (d)- Group IV showing: positive immunoreactivity
in inner dental epithelium, stratum intermedium, stellate reticulum, outer dental epithelium cells, odontoblasts and cells in dental papilla and dental sac. IDE,
inner dental epithelium; ODE, outer dental epithelium, SR, stellate reticulum; SI, stratum intermedium; OB, odontoblasts, DP, dental papilla; DS, dental
sac. Photomicrographs of the developing palate in (e)- Group I, (f)- Group II, (g)- Group IlI, and (h)- Group IV showing: positive immunoreactivity in
oral epithelium and connective tissue cells, in addition to positive immunoreactivity of midline epithelial seam in Group I and II. OE, oral epithelium; CT,
connective tissue; MES, midline epithelial seam. (Anti-B-catenin antibody, original magnification 400x). Bar charts representing mean and SD values of
B-catenin immunopositive area% in (i)- developing teeth. (j)- developing palate. (* Significant; ** Highly significant; NS: non-significant).
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Fig. 4 Photomicrographs of the developing tooth germ in Group I, (b)- Group II, (c)- Group III, and (d)- Group IV showing: detectable
positive immunoreactivity in inner dental epithelium and odontoblasts in comparison to stratum intermedium, stellate reticulum, outer dental epithelium cells,
and cells in dental papilla and dental sac. IDE, inner dental epithelium; ODE, outer dental epithelium, SR, stellate reticulum; SI, stratum intermedium; OB,
odontoblasts, DP, dental papilla; DS, dental sac. Photomicrographs of the developing palate in (e)- Group I, (f)- Group II, (g)- Group III, and (h)- Group IV
showing: positive immunoreactivity in oral epithelium and connective tissue cells as well as positive immunoreactivity of midline epithelial seam in Group III.
OE, oral epithelium; CT, connective tissue; MES, midline epithelial seam. (Anti-TGF-B2 antibody, original magnification 400x). Bar charts representing mean
and SD values of TGF-B2 immunopositive area% in (i)- developing teeth. (j)- developing palate. (* Significant; ** Highly significant; NS: non-significant)

Table :1 Showing the mean + SD values, results of ANOVA and post hoc tests for the comparison between different groups regarding
immunopositive area%.

Immunopositive area% Group I Group II Group 11 Group IV F-test p-value
B-Catenin in Developing Teeth Mean +SD 33272+£2.82 31.012+2.78 2526°+440 2428°+2.18 28.854 0.000"
B-Catenin in Developing Palate Mean +£SD 5.25*+1.07 5.03*+£0.96 2.38¢£1.15 3.98°+0.95 23.942 0.000™
TGF-B2in Developing Teeth Mean +SD 25.67°+2.81  21.41°+4.45 22.10°+4.18  14.81°+2.64 23.587 0.000"
TGF-B2in Developing Palate Mean +SD 1.58°+0.46 1.65°+0.50 4.06°+1.14 1.70°+0.38 45.890 0.000"

Significance level p<0.05, *significant Tukey’s post hoc: Means sharing the same superscript letter are not significantly different

DISCUSSION

Since the pandemic of COVID-19 was declared, no
effort has been spared to deal with its catastrophic health
effects. Various types of vaccines were introduced in an
attempt to control and prevent the infection; however,
proper insurance of their safety was an inevitable step®
Pregnant women were excluded from the primary clinical
trials of COVID-19 vaccines, thus, developmental and
reproductive toxicity studies based on animal models were
considered a safe alternative!'l.

Messenger RNA, adenovirus-vector protein, and
inactivated vaccines were the vaccines of choice in this
study as they include almost all types of vaccines, which
proved effective to protect against Covid-19 pandemict> 40

In our study, the doses and frequency of vaccine
administration were guided by the recommendations of
2006 FDA Guidance Considerations for Developmental
Toxicity Studies for Preventative and Therapeutic Vaccines
for Infectious Disease Indications and ICH S5 (R3)
guidelines*:#?. According to the guidelines, we used a full
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human dose for the three used vaccines and applied two
priming doses before mating, to bring out a peak antibody
titre during the critical phases of pregnancy, in addition to
one dose during organogenesis.

In the current study, the offspring were sacrificed
at day one after birth for two reasons; first: because
different peptides and enzymes responsible for epithelial-
mesenchymal interaction in dental tissues development
demonstrate maximum activity at early days after
birth* #I. Second: based on the number and durations
of vaccination doses in this study, the potential of any
developmental abnormalities related to vaccine and/or
developed antibodies to vaccine is presented during the
gestation period or within the first days after birth*!42,

In the present study, histological examination of the
developing teeth and palate revealed almost the same picture
in all studied groups except for some cellular degeneration
and morphological changes in most of the tooth germs
of Group III and IV. These findings are in parallel with
Bowman et al., " who could not detect any adverse effects
from mRNA vaccine on fertility of pregnant rats or growth
and physical development of the offspring. In addition, a
cohort human study evaluated by ultrasonography did not
detect any increase in fetal structural malformation when
mRNA and adenovirus vector COVID-19 vaccines were
administered during early pregnancy™.

In the herein study, p-catenin expression was more
detectable in dental organ cells and odontoblasts in all
groups. This could be explained by Liu & Miller,!**! who
linked the activity of Wnt to its ability in maintaining and
controlling the teeth shape. Furthermore, the expression of
TGF-B2 in all groups of this study is in accordance with
Sassa Benedete et al.,*” and Heikinheimo et al.,*%) who
reported its expression during the cap and early bell stages.
Statistically, groups III and IV showed significant low
mean area% of both B-catenin and TGF-B2 in comparison
to Group I, in addition to morphological changes in
most of the tooth germs that were recorded during
histological examination of both groups. This change in
tooth germ morphology could be explained by Sarkar &
Sharpe,”? who reported alternation of tooth germ shape
with the treatment of Wnt inhibitor at early bell stage, and
Sassa Benedete et al.,’ who proved the role of TGF-p2
in regulating epithelial differentiation and determination of
crown size.

In the present study, there was no effect of any of
the vaccines on palatal fusion; a finding asserted by the
diffuse epithelial expression of B-catenin and TGF-B2. In
our study, the high B-catenin and low TGF-f2 mean area%
recorded in all studied groups, except Group III, could be
explained by He et al.,*® who found that the expression
pattern of B-catenin and other Wnt ligands and receptors
in the developing palate coincides with the primary action
of the pathway in the palatal epithelium particularly in
the medial edge epithelium. Moreover, Gehris, et al.,BY
and Iwata et al.,’? claimed lower expression of TGF-p2

in midline connective tissue after adherence of the palatal
shelves. Conversely, the lowest B-catenin and highest
TGF-B2 mean area% as well as the histological detection
of noticeable midline epithelial seam in Group III may
indicate that the developing palate is in active fusion stage.

Further studies are recommended to evaluate the effect
of different types of COVID-19 vaccines administration
on tooth germ calcification, besides ultrastructural
investigations on various oral and dental tissues during
pregnancy and lactation.

CONCLUSIONS

Regarding administration of COVID-19 vaccines
during pregnancy, mRNA vaccine acts safely on the
developing teeth and palate. In contrast, adenoviral
vector and inactivated vaccines cause histological and
morphological alternations in tooth germ; also, adenoviral
vector vaccine may elongate the palatal fusion time.

CONFLICT OF INTERESTS
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ABBREVIATIONS

(COVID-19): Coronavirus disease 2019, (mRNA):
messenger RNA, (Wnt/p-catenin): Wingless-integrated/
Beta-catenin, (TGF-$): transforming growth factor-Beta,
(H&E): Hematoxylin and Eosin.
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