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Abstract

The matter of vertical infection of SARS-CoV-2 is unresolved. It
can, however, be that small variations in the structural polyprotein of
SARS-CoV-2 enables a transplacental infection. We will compare the
structural polyprotein of SARS-CoV-2 with Chikungunya (CHIK) virus
and contrast it with DEN virus. At its least chikungunya is demon-
strated to be able to vertically infect. We show that changing reading
frame or a hick-up in tRNA mediated synthesis of structural protein
allows a protein sequence on modified SARS-CoV-2 that shows CHIK
characteristics.
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1 Introduction

In this short paper we direct the attention to vertical mother-fetus infection of
viruses. It is known that e.g. Chikungunya (CHIK) virus [1] transmit vertical
from mother to fetus and subsequently infect the fetus. CHIK, but also e.g.
dengue virus, are arboviruses. Quoting from [2, chap. 40]: Arboviruses, also
called arthropod borne viruses, are an ecological description for viruses that
are transmitted between vertebrate hosts by insects - primarily mosquitoes,
ticks, sandflies or midgets.

In our continuous increasing understanding of COVID-19, there is also
some evidence of vertical mother - fetus virus SARS-CoV-2 infection [3]. To
paraphrase [4]: Among 9 pregnant women with confirmed SARS-CoV-2 in-
fection, onset of clinical symptoms occured before delivery in four cases. Six
neonates had shortness of breath but other symptoms were observed too. This
study did not confirm vertical infection but it is noted that immunoglobunine
M (IgM) is not transported from mother to fetus. So the idea was that the
fetus itself synthesized IgM in order to eliminate SARS-CoV-2. The synthesis
of the IgM takes time and the antibodies against SARS-CoV-2 were measured
shortly after birth.

The IgM evidence is diputed however [5]. Despite [8] or [5], Wang [6] reports
a case of neonatal COVID-19 in China with pharyngeal swabs testing positive
by real-time reverse-transcription polymerase chain reaction (RT-PCR) assay
36 hours after birth. But perhaps this positive testing does not refer to before
birth transplacental infection either. I.e. it is no definite proof that the SARS-
CoV-2 virus can pass the placenta barrier in a developmental stage of the fetus,
reasonably long before birth. The positive RT-PCR can be caused by mixing
of mother-fetus blood during birth or a SARS-CoV-2 infection shortly after
birth. The presence of IgM fine tuned at SARS-CoV-2 more or less rejects
the latter possibility. Vertical, transplacental before birth, mother-to-fetus
infection with corona viruses is, however, not an established fact. H Cheng
et al, [10] concluded that there was no conclusive evidence found (yet) for
transplacental or vertical infection in SARS-CoV-2. Published reports show
that perinatal transmission of SARSCoV- 2 can occur but is rare [7]. Is there
a reason why there is rare, before birth, transplacental infection?

Looking at SARS-CoV-2, it is noted that for an ≈ 80% related virus, SARS-
CoV, there was no evidence of perinatal, i.e. before birth transplacental ,
vertical SARS infection among infants born to mothers infected with SARS-
CoV, [9]. If the somewhat inexact term perinatal also refers to the 20th week
of gestation and onwards, then vertical infection is likely not demonstrated.
In fact, [9] concludes: The risk of perinatal transmission of SARS-CoV was
low, as there was no evidence of the presence of virus/viral particles in the
products of conception or the infants. It is, nevertheless, not hard to imagine
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an infection-diffusion propagation of an ACE2 binding positive stranded RNA
corona virus like SARS-Cov-2. However, the study of Wong et al also showed
that SARS-CoV during pregnancy cen be associated to a high incidence of
spontaneous miscarriage and intrauterine growth restriction [9].

It is known that the placenta in the third trimester develops an increased
number of ACE2 receptors [14]. SARS-CoV-2 spike protein binds angiotensin
converting enzyme 2 (ACE2) in concert with transmembrane serine protease
2 (TMPRSS2) which promotes cellular entry, viz. [11]. ACE2 binds to the
receptor binding domain of SARS-CoV-2 and subsequently with TMPRSS2
functions as a receptor for SARS-CoV-2 [22].

The placenta is a unique mixed organ, acting as heart, lungs, liver and kid-
neys for the fetus. The placenta is formed during pregnancy and plays a major
role in preventing maternal-fetal transmission of pathogens [24]. The spike S
structure of SARS-Cov-2, i.e. the machinery with which the virus attaches
to the host and introduces its RNA into the host, shows in some respects
resemblance to RaTG13 bat virus [20] which holds sequences of aminoacids
corresponding to HIV elements gp120 and Gag [25]. Presently it is commonly
accepted that the major entry point of the SARS-CoV-2 virus to the host cell
is the angiotensin converting enzyme 2, ACE2 receptor. See e.g. [26], [27] and
[21]. The HIV elements found on the S spike [25] and acknowledged by [20]
are apparently considered non-functional.

Like in the case of CHIK virus [1], the placenta is nevertheless absolutely
not impenetrable for virusses. For instance smallpox variola major and minor
viruses, which are both DNA virusses, can readily pass the placenta and cause
fetal death [12, page 615]. There could also exist the complication that not all
placentas are exactly the same. Finally a complication is that the maternal-
fetal transmission and its consequences is changing in pregnancy [13]. The
latter is perhaps somewhat reminiscent to the concept of introns and exons
in the DNA that can in stages of development produce proteins that are in
an earlier stage slightly different from a later stage of development. A good
example of this in-time genetic flexibility in nature is the developmental biology
of chicken cardiac troponin [15, pp. 14-15] and [16].

There also has been significant discussion about the origin of the SARS-
CoV-2. For example see [18]. The claim that SARS-CoV and SARS-Cov-2
bind with different strength ot the ACE2 receptor is more or less confirmed
on theoretical chemical grounds. The total electrostatic interactions between
SARS-CoV-2 qnd ACE2 is 3 kcal/mol higher than SAR-CoV [23]. Presently
there are those who claim proof of the fact that the HIV elements on SARS-
CoV-2 are of human engineering origin [19]. It is in this respect possible that
the virus has multiple different routes of transmission and finally infection
via ACE2. The latter does not mean by necessity always to see immediate
infection. We can imagine that the virus, via electron density vdWaals forces,
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clings on to e.g. a monocyte and that it in in this way pass the placenta barrier.
Monocytes are leukocyte i.e. white blood cells. Those cells are the largest type
of leukocyte and can be differentiated into macrophages and myeloid lineage
dendritic cells. They can be divided into different categories and some of
those categories have a proliferation of perhaps ”grabable” receptors. The
”grabbing hold of” can be done in electro-biochemical vd Waals interaction
without targeting the ACE2 receptor and infect. In this respect in HIV, gp120
and gp41 of HIV combine to attack CXCR4 receptors [28] of some CXCR4
carying bone marrow monocyte cells [29]. This implies a kind of stowaway
theory of vertical infection. Here it is assumed that the bone marrow monocyte
can pass the placenta barrier and that the virus can slip through the guards
as a stowaway. The question then raises, are there elements of gp41 on SARS-
CoV-2?

1.1 Elements of gp41

It is already established that gp120 elements reside on the spike of SARS-CoV-
2
[20]. The stowaway theory implies the question if there are gp41 elements
present e.g.on the mantle of this virion. And of course a subsequent question
is, if those short sequences of gp41 aminoacids found, can those be used in a
stowaway manner.

With our own computer reseach we found that sequences of a part of
gp41, namely AVGIGALFLGFLGAAGSTMGAAS, pubchem cid=16130720,
and other cid representations, are present. In the table below these short
sequences are represented.
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Table 1: Short sequences of gp41 on SARS-CoV-2 genome MN908947.3.

sequence genome seq gen pos protein function gp41 cid

ALFL gccttatttctt 6774 not in the protein map 16130720

LFLG ctgtttcttgga 4376 not in the protein map 16130720

STMG tcaacaatgggg 18773 not in the protein map 16130720

IGAL attggtgctttg 9379 orf1ab polyprotein map 16130720

AGST gctggtagtaca 7645 orf1ab polyprotein map 16130720
– gccggtagcaca 22987 – –

GARS ggggcgcgatca 28375 nucleocapsid phosphoprotein 16132114

Note that in the table only sequences of length 4 aminoacids were found.
It is unknown if those can serve active duty becuase, apparently the minimal
length of a sequence is five aminoacids [19]. Another point is that CD4+ cells
are T cells that are the memory of the immune system. Those cells contain
CRCX4 receptors. Those cells can be ”attacked” by gp120-gp41 carrying virus
[28]. Obviously, the proper constituent aminoacid sequences of gp120-gp41
must be present in order to do so. But if the latter is possible then the
”memory” for SARS-CoV-2 virions will be hampered and so a less effective
immunity will be attained despite the establishment of CD4+ T cell memory.

2 Possible genome reading glitches to explain

rare but possible transplacental movement

Another way to study the passage of the placenta barrier is to look at (poten-
tial) similarities between SARS-CoV-2 and virions that are demonstrated to
vertical infect. Like it was stated in our introduction, we know that Chikun-
gunya (CHIK) virus can vertically infect. The mechanism of passage is still
not clear [1]. CHIK virus is a remerging arbovirus in the family Togaviridae
with genus Alphavirus. It is unrelated to SARS-CoV-2 virus. CHIK virus is
transmitted by mosquitos Aedes aegyptii and Aedes albopictus. The virus after
infection causes a cripling muscoskeletal inflammatory disease [30]. It belongs
to the fever-arthralgia-rash inducing category [2].

This raises the question if there is a similarity to be found between two di-
verse viruses as SARS-CoV-2 and CHIK. If we look more closely into the pro-
tein data of CHIK virus, reference sequence entry=NC-004162 [31], then the se-
quence KQLQI can be observed in the nonstructural polyprotein xref=”GeneID:956308”.
With our own software we foud on CHIK in position or location 2776, the ge-
netic representation ”aaa caa ctg caa att” of KQLQI or ”LYS” ”GLN” ”LEU”
”GLN” ”ILE”. With our software we also found KQLQQ in the genome,
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sequence = MN908947.3, [32] in position or location 29488, with genetic sig-
nature ”aaa caa ttg caa caa”, representing KQLQQ or ”LYS” ”GLN” ”LEU”
”GLN” ”GLN”. In the tRNA coding of I or ILE, one can use the triple, ”atc”,
instead of att such as found in the KQLQI genetic signature in CHIK virus
genome.

In Figure-1 one can see that the ”atc” triple, or codon, in the nucleo-
capsid phosphoprotein of SARS-CoV-2, id=”QHD43423.2” in the sequence of
KQLQQ is but two steps further than the ”ca” of the ”caa” representation
of Q=GLN. The tentative explanation could be that this protein can mutate
to contain the CHIK virus sequence KQLQI. We also note here that neither
KQLQQ nor KQLQI are found in the protein map of SARS-CoV genome
Rs672/2006, [33]. In that respect, when we are correct, it can be explained
why SARS-CoV does not vertically infect.

Interestingly the +2 frameshift can be supported with two complementary
nucleobases further downstream the second caa codon, representing the end
Q=GLN in KQLQQ. The concept is related to RNA knots. In our explanation,
the complementarity in the knot, shields the reading of the c and a in the caa
codon and so the atc is the next-to-be-read codon. See cadre of Figure-1.

3 Conclusion & discussion

The minimal recognition sequence is approximately 5 aminoacid residues
[19]. This can only be a partial true story because molecular geometry and
vdWaals interaction, including nearest neighboring groups and their geometry,
surely will play a role. However, let us accept this rule of the thumb for now.

Looking at our work in Table-1 some four aminoacids length sequences
of gp41 can be found on the SARS-CoV-2 genome. In gp41 section AVGI-
GALFLGFLGAAGSTMGAAS we found ALFL and LFLG in the genome but
not on the protein map. However, the stowaway theory of vertical infection via
gp120-gp41 attaching CXCR4 receptors on bone marrow originated monocyte
cells, is only in its premature phase of theoretical research.

Further, in SARS-CoV-2 and CHIK we found a remarkable potential sim-
ilarity. It is KQLQI on CHIK and KQLQQ on SARS-CoV-2. Of course there
are also remarkable difference as to where the two sequences are found. KQLQI
on CHIK is found on nonspecific polyprotein while KQLQQ on SARS-CoV-
2 is found in the nucleocapsid. Nevertheless we may claim that there is a
remarkable potential similarity-after-glitch reading. We can observe that mul-
tiple reading frames may cause the shift-over-two leading to the synthesis of
KQLQI instead of KQLQQ in SARS-CoV-2. In addition we may point at
possible complementarity suppression viz. Figure-1.

Remarkably enough, dengue virus 1 (DEN) holds the sequence KQLGQI
in its non sstructural 4B (nsp4b) poly protein id=NP-733811.1, [34]. Perhaps
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Figure 1: Representation of the genome of SARS-CoV-2, sequence =
MN908947.3. The row numbers of the genome of the NCBI are used.The
target row is 29461. The KQLQQ representing sequence is given in boldface
in this row starting from position 29488. The ”atc” representing ILE or I is
denoted with overbrace. The rectangular cadre contains the reason why we
claim that +2 frameshift is possible here. The arrows in the sequence in the
cadre represent the reading direction 5′ → 3′. The dotted line represents the
H-bond complementarity inside the viral RNA. It is a schematic representation
of an RNA knot where ca is suppressed by complementary bases.

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3636903



9

that the geometry of a Glycine in KQLGQI is, looking at electron density
and geometry, in a certain sense equivalent to the KQLQI of CHIK. Vertical
transmission occurs with dengue virus [35] and [36].

Our hypothesis is that a resemblance after RNA reading and synthesis of
aminoacid mutation, is not accidental. Rare, perhaps accidental, reading hick-
up protein sequence change may enable SARS-CoV-2 to vertically infect like
the KQLQI carrying CHIK virus and the KQLGQI carrying DEN virus.

A possible experiment would be to make use of the knowledge of live at-
tentuated or changed SARS-CoV [37] and apply this knowledge to the genome
nucleocapsid containing area of SARS-CoV-2. In [37, page 200 ] we read:
With the systems now available, it is possible to genetically modify coron-
avirus genomes at will. This implies that ...aaa caa ttg caa atc..., representing
KQLQI, can be accomplished in SARS-CoV-2 and escape the junk protein
destruction machinery of the cell. The effect of the small but perhaps vital
change can in vitro can be investigated using harvested placenta. We finally
note that one aminoacid residue change can have large consequences. CHIK
has adapted to a more promiscuously mosquito Aedes albopictus by the muta-
tion of a single amino acid in the E1 envelope protein [39] and [38].
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C. and Pöhlmann, S. SARS-CoV-2 Cell Entry Depends on ACE2 and
TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor , Cell,
doi.org/10.1016/j.cell.2020.02.052, 2020.
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