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A B S T R A C T

The current SARS-CoV-2 has put significant strain on healthcare services worldwide due to acute COVID-19.
However, the potential long-term effects of this infection haven’t been extensively discussed.

We hypothesize that SARS-CoV-2 may be able to cause persistent infection in some individuals, and should
this be the case, that in a few years we may see a rise in cancer incidence due to carcinogenic effects of this
coronavirus.

Non-retroviral RNA viruses such as Coronaviridae have been shown to cause persistent infection in hosts.
Empirical evidence of viral genomic material shedding weeks after apparent clinical and laboratorial resolution
of COVID-19 may be an indirect proof for persistent viral infection. Furthermore, tropism towards certain im-
mune-privileged territories may facilitate immune evasion by this virus.

Structural homology with SARS-CoV-1 indicates that SARS-CoV-2 may be able to directly impair pRb and
p53, which are key gatekeepers with tumor suppressor functions. Additionally, COVID-19 features preeminent
inflammatory response with marked oxidative stress, which acts as both as initiator and promotor of carcino-
genesis.

Should there be a carcinogenic risk associated with SARS-CoV-2, the implications for public health are plenty,
as infected patients should be closely watched during long periods of follow-up.

Additional investigation to establish or exclude the possibility for persistent infection is paramount to identify
and prevent possible complications in the future.

Introduction

The current SARS-CoV-2 pandemic has put significant stress on
healthcare services worldwide. While the spotlights are on the acute
complications of COVID-19, discussion on the possible long-term
complications of this infection is necessary.

SARS-CoV-2 belongs to the Coronaviridae family of non-retroviral
RNA viruses, which feature a positive-sense single-stranded RNA
genome. This large family of viruses show significant interspecies ge-
netic and clinical diversity. Indeed, many Coronaviridae present as mild
coryza, while others, such as SARS-CoV-1 and SARS-CoV-2 may present
as life-threatening pneumonitis.

Non-retroviral RNA viruses usually present as an acute infection,
characterized by rapid viral replication and shedding, followed by a
recovery phase where the individual clears the virus and develops im-
munity against re-infection for variable periods of time. In order to be
maintained in a population, most such RNA viruses have developed

strategies to prevent eradication: i) infection through mucosal mem-
branes, where lasting immunity is harder to obtain; ii) high mutation
rates that lead to antigenic variability, thus allowing some viral parti-
cles to evade acquired immunity; iii) capability to infect multiple spe-
cies, thus allowing the existence of reservoirs from which infection can
be perpetuated; iv) development of specific mechanisms that allow for
persistent infection in some individuals (eg. Hepatitis C or Borna dis-
ease) [1].

While persistent viral infection has significant impacts on the epi-
demiology of an infectious disease, allowing for transmission of the
virus from a single individual over extended periods of time, one has
also to consider the effects of such persistence on the host. One of the
most significant long-term consequences may be the risk of carcino-
genesis, as is the case of chronic hepatitis C.
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Hypothesis

We hypothesize that SARS-CoV-2 may be able to maintain persistent
infection inside the host and that in a few years’ time we may observe a
surge in neoplasms due to this virus. For this to be presumed, two main
assumptions must be verified, simultaneously: there should be evidence
for persistent SARS-CoV-2 infection; and there should be evidence for
carcinogenic mechanisms due to this infection.

Some Coronaviridae have been shown to feature persistent infection
of the host [2]. While such capability for SARS-CoV-2 is yet to be
proven, one must consider the shedding of viral genetic material that
persists long after resolution of the acute disease (and negative RT-PCR)
as evidence for either re-infection or reactivation of latent infection [3].
SARS-CoV-2 appears to have tropism towards endothelium [4] which
may facilitate persistence in tissues not primarily featured in the typical
symptomatology of COVID-19. We should also note that cases of central
nervous system involvement with positive RT-PCR in cerebrospinal
fluid have been described [5], raising the possibility of persistent in-
fection in immune-privileged territories where immune evasion is ea-
sier.

Regarding the possible oncogenic mechanisms of SARS-CoV-2, little
is known. A primary mechanism may relate to quantitative and quali-
tative disruption of tumor suppressor proteins such as pRb. It was
shown that SARS-CoV-1 Endoribonuclease Nsp15 both downregulates
and impairs pRb function, and promotes its degradation through ubi-
quitin-proteasome pathway [6]. The same authors have demonstrated
these changes favor cellular proliferation due to loss of cell-cell contact
inhibition. While these data are yet to be replicated for SARS-CoV-2, the
structure of NSP15 endonuclease is highly conserved as it shares 88%
homology and identical quaternary structure to that of SARS-CoV-1 [7].
Thus, similar effects of SARS-CoV-2 NSP15 endonuclease on pRb are
expected. Concomitantly, destruction of p53 tumor suppressor protein
seems to be promoted by SARS-CoV-1 [8]. While this has yet to be
shown in SARS-CoV-2, it could prove to be an additional contribution
towards carcinogenic risk.

Another mechanism that may lead to carcinogenesis is oxidative
stress. One of the hallmarks of SARS-CoV-2 infection seems to be viral
internalization through binding to angiotensin-converting enzyme 2
(ACE2). This carboxypeptidase is a key regulator of the renin-angio-
tensin-aldosterone pathway, promoting conversion of angiotensin II
into angiotensin-1,7. This offers ACE2 an anti-hypertensive, anti-in-
flammatory, anti-fibrotic and anti-oxidative role. When bound to SARS-
CoV-2 spike protein, ACE2 is internalized but not activated. Thus,
SARS-CoV-2 binding may deplete ACE2 on cellular surface, con-
tributing towards an imbalance that favors the pro-inflammatory and
oxidative action of angiotensin II [9]. It is also believed that the mac-
rophage might be an important player in acute COVID-19 [10], through
significant cytokines and reactive oxygen species (ROS) production.
Indeed, inflammatory response, cytokine storm and oxidative stress
may be the cause of Acute Respiratory Distress Syndrome, rather than
direct viral cytopathic damage. A third source of ROS may come from
treatment, as high tidal volumes and FiO2 during mechanical ventila-
tion are associated with increased oxidative damage in lung tissue [11].

Oxidative stress is recognized as both an initiator and promotor of
carcinogenesis, through direct mutagenic action of ROS, promotion of
DNA single and double strand breaks, DNA cross-linking, and inhibition
of DNA mismatch repair mechanisms. Furthermore, through interac-
tions with intracellular signaling pathways, ROS can promote pro-
liferation, tissue invasion, angiogenesis, cancer cell survival and even
chemoresistance [12].

Consequences and discussion

The long-term effects of global pandemics on morbidity and mor-
tality cannot be overlooked [13]. While much is still unknown re-
garding SARS-CoV-2 infection, empirical indication for reinfection/re-
activations and evidence for persistent infection due to closely related
viruses raise the hypothesis of possible long-term consequences of
SARS-CoV-2 infection. One of the most relevant, based on pathophy-
siological knowledge, is the risk for malignant neoplasms that may
become a public health concern in the coming decades. Further in-
vestigation is needed to clarify this risk. It will also be important to
monitor “cured” patients for possible viral reactivation. Serial RT-PCR
could be offered to a cohort of patients over time to clearly determine if
persistent SARS-CoV-2 is indeed possible and the frequency of this
phenomenon. Additionally, in vitro and animal studies for direct mu-
tagenic potential of SARS-CoV-2 should be carried, but interpretation
must be cautious, as much of DNA damage comes from sustained im-
mune response. Looking into the natural hosts of closely related zoo-
notic Coronaviridae may also shed some light into this matter. While
definite answers are not available, patients affected by COVID-19
should maintain long-term follow-up as the possibility for late com-
plications cannot be yet excluded.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

References

[1] Randall RE, Griffin DE. Within host RNA virus persistence: mechanisms and con-
sequences. Curr Opin Virol 2017;23:35–42. https://doi.org/10.1016/j.coviro.2017.
03.001.

[2] Bergmann CC, Lane TE, Stohlman SA. Coronavirus infection of the central nervous
system: host-virus stand-off. Nat Rev Microbiol 2006;4:121–32. https://doi.org/10.
1038/nrmicro1343.

[3] Ye G, Pan Z, Pan Y, Deng Q, Chen L, Li J, et al. Clinical characteristics of severe
acute respiratory syndrome coronavirus 2 reactivation. J Infect 2020;80:e14https://
doi.org/10.1016/j.jinf.2020.03.001.

[4] Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R, Zinkernagel AS, et al.
Endothelial cell infection and endotheliitis in COVID-19. Lancet n.d.;0. https://doi.
org/10.1016/S0140-6736(20)30937-5.

[5] Moriguchi T, Harii N, Goto J, Harada D, Sugawara H, Takamino J, et al. A first case
of meningitis/encephalitis associated with SARS-coronavirus-2. Int J Infect Dis
2020;94:55–8. https://doi.org/10.1016/j.ijid.2020.03.062.

[6] Bhardwaj K, Liu P, Leibowitz JL, Kao CC. The coronavirus endoribonuclease Nsp15
interacts with retinoblastoma tumor suppressor protein. J Virol 2012;86:4294–304.
https://doi.org/10.1128/jvi.07012-11.

[7] Kim Y, Jedrzejczak R, Maltseva NI, Wilamowski M, Endres M, Godzik A, et al.
Crystal structure of Nsp15 endoribonuclease NendoU from SARS‐CoV‐2. Protein Sci
n.d. https://doi.org/10.1002/PRO.3873.

[8] Ma-Lauer Y, Carbajo-Lozoya J, Hein MY, Müller MA, Deng W, Lei J, et al. P53 down-
regulates SARS coronavirus replication and is targeted by the SARS-unique domain
and PLpro via E3 ubiquitin ligase RCHY1. Proc Natl Acad Sci U S A
2016;113:E5192–201. https://doi.org/10.1073/pnas.1603435113.

[9] South AM, Diz DI, Chappell MC. COVID-19, ACE2, and the cardiovascular con-
sequences. Am J Physiol Circ Physiol 2020;318:H1084–90. https://doi.org/10.
1152/ajpheart.00217.2020.

[10] Park MD. Macrophages: a Trojan horse in COVID-19? Nat Rev Immunol 2020:1–1.
https://doi.org/10.1038/s41577-020-0317-2.

[11] Sun ZT, Yang CY, Miao LJ, Zhang SF, Han XP, Ren SE, et al. Effects of mechanical
ventilation with different tidal volume on oxidative stress and antioxidant in lung. J
Anesth 2015;29:346–51. https://doi.org/10.1007/s00540-014-1954-z.

[12] Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB. Oxidative stress, inflammation,
and cancer: How are they linked? Free Radic Biol Med 2010;49:1603–16. https://
doi.org/10.1016/j.freeradbiomed.2010.09.006.

[13] Myrskylä M, Mehta NK, Chang VW. Early life exposure to the 1918 influenza
pandemic and old-age mortality by cause of death. Am J Public Health
2013;103:e83https://doi.org/10.2105/AJPH.2012.301060.

M. Alpalhão, et al. Medical Hypotheses 143 (2020) 109882

2

https://doi.org/10.1016/j.coviro.2017.03.001
https://doi.org/10.1016/j.coviro.2017.03.001
https://doi.org/10.1038/nrmicro1343
https://doi.org/10.1038/nrmicro1343
https://doi.org/10.1016/j.jinf.2020.03.001
https://doi.org/10.1016/j.jinf.2020.03.001
https://doi.org/10.1016/j.ijid.2020.03.062
https://doi.org/10.1128/jvi.07012-11
https://doi.org/10.1073/pnas.1603435113
https://doi.org/10.1152/ajpheart.00217.2020
https://doi.org/10.1152/ajpheart.00217.2020
https://doi.org/10.1007/s00540-014-1954-z
https://doi.org/10.1016/j.freeradbiomed.2010.09.006
https://doi.org/10.1016/j.freeradbiomed.2010.09.006
https://doi.org/10.2105/AJPH.2012.301060

