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Abstract

Background: As reviewed in Part I,  SARS-CoV-2 Spike presents special features including a
furin  cleavage  site  and  4  HIV-like  sequences  that  are  expected  to  facilitate  viral  infection
spreading.
Objective:  To  evaluate  whether  there  is  evidence  regarding  systemic  infection  by
coronaviruses, SARS and SARS-CoV-2.
Methods:  A literature  review was  done  using  Google  searching  engine.  Due  to  the  recent
emergence of COVID-19 as a new illness, webpages and newspapers were also considered.
Results: Some other CoV, SARS and SARS-CoV-2 can directly infect several body tissues. SARS-
CoV-2 infects the immune system like HIV. It has also been detected in the body fluids and in
several  body  tissues.  Although  rare,  the  development  of  potentially  fatal  Kawasaki  disease
associated  with  COVD-19  has  been  reported.  Importantly,  early  medical  attention  saves
children´s life in such rare cases.
Conclusions:  SARS-CoV-2 targets  the  immune  system and  can cause a  systemic persistent
infection affecting most human systems including the nervous system. The name of the virus
should be accordingly updated. Both symptomatic and asymptomatic infected subjects should
be monitored, since long-term effects are possible. As Reviewed in Part I, there fortunately are
promising  therapeutic  strategies. As  will  be  expressed  in  Part  III,  latency  and  sperm
transmission to the descendants are not discarded yet. In Part V Viewpoint, the importance of
protecting our young population will be accordingly stressed.

Keywords
SARS-COV-2;  COVID-19;  coronavirus;  systemic  persistent  infection;  asymptomatic;  immune
system; nervous system; cardiovascular system; digestive system; reproductive system

Introduction

COVID-19 pandemic, the SARS-COV-2 outbreak, has literally broken into our lives and is pushing
the limits among reality and science fiction. We are all facing a dilemma regarding what to do and
what to avoid doing because of SARS-CoV-2. When the World Health Organization (WHO) declared
it pandemic, under the general presumption that it did just cause flu-like symptoms, or pneumonia
sometimes, lockdowns seemed disproportionate. However, the reality of the pandemic turned out to
be more severe than originally thought. 
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Coronaviruses (Virus; order Nidovirales: family Coronaviridae: subfamily Coronavirinae) are a
group of  enveloped viruses with single-stranded positive RNA [ss (+)  RNA] genome. They cause
respiratory,  enteric,  hepatic  and  neurological  diseases  in  multiple  species,  including  several
mammals and birds. Four genera are recognized and called Alpha, Beta, Gamma and Delta. Seven
coronaviruses that infect humans are identified; all of them are from zoonotic origin and belong to
Alpha or Beta genera. Intra and inter-species transmissions have been documented. SARS-CoV-2
belongs to the Beta-CoV together with bovine coronavirus (BCoV), canine respiratory coronavirus
(CRCoV),  human  coronavirus  OC43  (HCoV-OC43),  mouse  hepatitis  virus  (MHV),  porcine
hemmagglutinating  encephalomyelitis  virus  (HEV),  rat  coronavirus  (RCV),  human  HCoV-HKU1,
severe acute respiratory syndrome coronavirus (SARS-CoV) and middle east respiratory syndrome
coronavirus (MERS-CoV) [1] [2] [3].

Methods

L.L.H. is just a cell biologist who has dedicated professional life to basic studies in biomedicine,
working in models of neurodegenerative illnesses, cancer and (more recently) parasitic infection.
D.J.K. is a medical doctor and a Biophysicist specialized in radiation biology who investigates in the
field of genomic damage and cancer, and is deeply interested in science education at all levels.

This review has been directed by key questions and does not intend to be exhaustive. In an
emergency  context,  we  have  just  advanced  in  reading  just  as  far  as  reaching  the  necessary
information to answer specific questions. Thus, we may be unfair and we apologize to non-cited
scientists who have done important contributions to the field. 

This review is atypical since information sources have included not only scientific peer-reviewed
journals but also webpages. Most searches were carried in English through Google, using combined
clue words. Due to a problem regarding Google School indexing system, webpages are identified in
the  text  instead of  being  included as  references.  Due  to  the  same problem,  in  an  attempt  to
overcome  this  indexing  issue,  we  decided  to  fragment  in  Parts  I-V  the  original,  extensive
manuscript.
Interestingly, the plethora of words used to describe the infections that can have long-term or delayed
effects on the host hinders scientific literature searches. A persistent infection means that the virus is
always present/being produced in the body. In contrast, in latent infection, the viral genome is there
but the actual viral particles cannot be detected until replication reactivation occurs. All the following
words were necessary to ensure a proper literature search:  chronic infection,  non-lytic  infection,
abortive infection (which can be solved or remain latent), subclinical infection (with no antibodies
production), infection reactivation, infection relapse, recurrence, resurgence, recrudescence; dormant
infection; multiphasic disease progression; sequel.

Results

1.  Coronaviruses induce persistent infections in murine, bats and cats

MHV can produce both acute and chronic diseases. Infection after intracerebral inoculation is
normally  fatal,  but  survivors  exhibit  oligodendrocyte  infection  and  demyelination.  Neutralizing
antibodies protected from death; instead of fatal encephalomyelitis, demyelination occurred. The
outcome of  intracerebrally  inoculated  MHV  can  be  a  biphasic  disease  with  hepatitis  and  then
chronic disease with demyelination. The virus in the persistent infection can affect the substancia
nigra and favor the development of a parkinsonism. Moreover, intranasal inoculated MHV enters
the central nervous system through the olfactory and trigeminal nerves, with surgical ablation of
the olfactory pathway protecting from the infection [4].
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Paradoxically, one piece of evidence comes from bats. Virus persistence in a population can be
achieved if each individual is infected, then spreads the infection and then clears it (thus, the virus
persists in the population but not in each individual). Alternatively, virus persistence in a population
occurs if the virus is maintained as a persistent or chronic infection in each individual. Little brown
bats in North America in captivity can harbor the coronavirus in their intestines and lungs during a
4-months hibernation period without showing pathological signs. Nevertheless, under a co-infection
with the white nose syndrome fungus, intestinal coronavirus production increases 60x [5] . 

Feline infectious peritonitis is a highly lethal coronavirus infection. It behaves as an intermittent
infection, with disease episodes involving enhanced viral replication and short periods of apparent
convalescence. Each wave of viral replication induces an antiviral T-cell response and is coincident
with fever, weight loss, and T-cell depletion [6]. 

2. CoV and SARS-CoV-2: systemic persistent infections in symptomatic
and asymptomatic humans including children.

According to a work carried more than three decades ago by Kristensson and Norrby [7], seven
families  of  RNA  viruses  do  somehow  produce  persistent  infections  in  the  mammalian  central
nervous system, which correlate with signs of disease as neurotransmission alterations, progressive
cellular destruction or demyelination. 

SARS outbreak was in 2003. It was soon demonstrated that in contrast to the lytic infection
observed  in  VERO  green  monkey  kidney  cells,  SARS  produces  a  persistent  infection  in  human
colorectal adenocarcinoma-derived LoVo cell line [8]. Persistent infection by HCoV-229E and HCoV -
043 was also reported by that time in human cell lines derived from oligodendroglioma (MO 3.13),
human neuroglioma (H4) and human malignant glioma (U-87 MG , U-373 MG). A case of a child
with acute disseminated encephalomyelitis associated to HCoV was also published as a warning,
highlighting that HCoV might behave as MHV [9]. 

Figure 1. (a) Human body systems that can be affected by COVID-19. The red checkmark  indicates
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that the system can be a SARS-CoV-2 target. The question mark indicates locations where there are reports
of  damage  but  it  is  unknown  if  it  is  due  to  direct  organ  infection  or  an  indirect  effect  of  systemic
inflammation. The K letter reminds that the skin displays rushes just in Kawasaki-like patients (b) A child
drawing showing a perspective of happiness in COVID-19 era.

The accepted (WHO) clinical SARS definition required fever and one or more symptoms of lower
respiratory tract illness (cough, difficulty of breathing, shortness of breath). Therefore, data from
patients with no respiratory symptoms were initially not even collected. SARS-CoV infected patient
data  were  probably  not  appropriately  collected.  Nevertheless,  in  2011,  a  case-controlled  study
described  a  chronic  post-SARS  syndrome  including  widespread  musculoskeletal  pain,  fatigue,
depression, and sleep disturbances reminiscent of fibromyalgia and chronic fatigue syndrome [10]. 

Moreover, a study involving postmortem analysis of tissues from 10 patients that died in the
previous SARS-CoV outbreak, reported “widespread dissemination of the virus in the immune cells
of the blood, spleen and lymph nodes, as well as in the epithelial cells of lungs, trachea, bronchi,
distal renal tubules, mucosa and submucosa of the intestines, and neurons in the brain”, confirmed
by in situ hybridization, electron microscopy, and RT-PCR. The authors consider that SARS infection
is more devastating than HIV for the immune system. They also warn that, as SARS is detectable in
blood, stool, intestines, and urine, body fluid or fecal transmission might be possible [11]. A recent
study involving 22 autopsies of COVID-19 patients arrives to similar conclusions [12] (Figure 1). The
skeletal muscles are affected in 30% of the SARS patients, as evidenced by muscle weakness and
serum creatine kinase (CK) levels [13]. Exocrine and endocrine pancreas [14] are also affected.

Hours to days after inhalation of HCoV-OC43 or SARS-CoV, the respective CoV was detected in
the olfactory bulb, pyriform cortex, brain stem and spinal cord  [15]. HCoV-OC43 and HCoV -229E
have been detected in the brain tissue of multiple sclerosis patients by  in situ hybridization, PCR,
immunohistology or virus isolation. One patient was 11-month old with severe immunodeficiency
and lethal encephalitis [16]. In turn, SARS-CoV-2, was detected in the cerebrospinal fluid (CSF) of a
59-year-old  patient  with  COVID-19  pneumonia.  In  another  patient,  acute  necrotizing
encephalopathy was diagnosed by images, probably associated to CNS cytokine storm. These data
demonstrate that, like MHC, SARS-CoV-2 can infect the central nervous system. It can access the
CNS  through  peripheral  olfactory  nerves,  probably  using  host  cell  cytoskeleton  and  molecular
motors.  It  can also reach the CNS under a  systemic inflammation that  loosens the blood brain
barrier  (BBB).  Finally,  as  SARS-CoV-2  binds  hACE2  receptor  and  ACE2  receptors  act  as  local
downregulators  of  blood pressure,  it  cannot  be discarded that  receptor  occupancy  by  the CoV
induces a local blood pressure increase which can lead to blood vessel rupture with CoV release
directly into the CNS. The authors also suggest that respiratory distress might also be due to viral
infection of respiratory control nuclei in the brain stem [15]. 

ACE2 is  present in humans in the epithelia of lung and small intestine, in endothelia of all
organs, in adrenal gland, intestine, gallbladder, kidney, testis and seminal vesicle, and in brain on
neuronal  and  glia  cell  membranes.  SARS-CoV-2  also  binds  and  C-type  lectin  domain  family  4
member M/Dendritic cells-signaling-related receptor (CLEC4M/DC-SIGNR) [17][18]. Binding of HIV-1
gp120to DC-SIGNR, also called CD209, is related  to the ability of dendritic cells (DCs) to promote
HIV infection of T cells. CLEC4M, also named CD299 also enhances HIV-1 infection of T cells  [19].
SARS-CoV-2 can directly infect human spleens and lymph nodes causing massive necrosis  [20]. T-
cells suffer exhaustion and counts of total T cells are negatively correlated with patient survival [21].
Furthermore, most patients develop lymphopenia, ascribed to increased apoptosis of lymphocytes
[17].
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Evidence of a persistent systemic SARS-CoV-2 infection is increasing and pediatric cases are also
involved.  A  confirmed case  of  COVID-19  whose  oropharyngeal  swab test  turned positive  again
during  convalescence  was  reported  [22].  From  55  patients  with  a  history  of  epidemiological
exposure to COVID-19, 9 % presented SARS-CoV-2 reactivation 4 to 17 days after the negative swab
test [23]. Moreover, defects in the adaptive immune system were detected in non-severe COVID-19
patients  [24].  SARS-CoV-2  detection  in  blood,  urine  and  stool  or  anal  swabs  by  PCR has  been
reported  [25] [26]. Cumulative anecdotal information is also being shared. On May 13th, The New
York Times published an article collecting anecdotes from Italians, entitled “Surviving Covid-19 May
Not Feel Like Recovery for Some”. While pulmonary sequelae of fibrosis altering respiratory function
are  not  surprising  in  patients  who  were  hospitalized  and  cased,  altered  CT  lung  images  and
pulmonary fibrosis can occur in asymptomatic patients [27–30]. The SARS-CoV-2 genome has been
detected and quantified in multiple organs of 22 patients out of 27 in an autopsies series. Only 4
(18%) of them had a copy number per cell in lungs that was higher than in other organs. 63% had it
in their heart, 48% in kidneys, 63% in liver, 30% in brain and 30% in their blood [12]. Some SARS-
CoV-2 patients present limb pain, fatigue, and elevated muscle enzymes,  indicating primary (by
direct infection) or secondary (due to systemic inflammation) muscular damage [31]. There is one
case report regarding sub-acute thyroiditis subsequent to SARS-CoV-2 infection [32].

A recent work followed in time 10 infected children who had no specific symptoms, no signs of
pneumonia according to X-rays diagnosis  and required no respiratory support or  intensive care.
Both nasopharyngeal and rectal swab samples were analyzed by real time PCR. Eight out of the ten
children rectal swabs remained positive long after nasopharyngeal samples had turned negative.
Moreover, some patient rectal samples could be negative and then positive for SARS-CoV-2 again
during a two-months follow-up [33]. 

A pediatric multi-system inflammatory syndrome similar to Kawasaki disease or toxic syndrome
is associated to COVID-19 pandemic, fortunately as a rare occurrence. Such children display fever,
less  than  half  display  dyspnea  and  more  than  half  have  rashes,  abdominal  pain,  vomiting  or
diarrhea. This was reported from Italy  [34], UK, USA and France (Anadolu Agency, may 29th: New
global  trend  of  COVID-19  linked  disease  in  children;  Boston  Children´s  Hospital:  ¨COVID-19  in
children: What’s behind the recent alerts about MIS-C?¨; New York Channel 4 on May 29:  ¨64 NY
Children  Sick  With  Rare  COVID-Related  Illness,  State  Finds;  Here  Are  the  Warning  Signs¨;  The
Washington Post,  29 th May, ¨Young adults are also affected by Kawasaki-like disease linked to
coronavirus, doctors say¨). Now WHO has defined precise criteria and opened a database to be able
to follow the cases worldwide. This information is entitled ¨Multisystem inflammatory syndrome in
children and adolescents temporally related to COVID-19”. Interestingly, two reports of CoV-linked
inflammatory diseases existed before SARS-CoV-2 outbreak [35,36].

SARS-CoV-2 has already been detected in the human brain. In a Brazilian neuroscience group
words: “From where we now stand, it seems possible that, as currently infected individuals age in
the coming years and decades, the systemic and/or brain inflammatory response elicited by SARS-
CoV-2  infection  may  trigger  long-term  mechanisms  leading  to  a  widespread  increase  in  the
incidence of neurological and neurodegenerative disorders” [37,38].   

Discussion

SARS-CoV-2  shares  with  HIV  not  only  certain  structural  features  of  the  main  surface
glycoprotein but also the property of attacking the immune system. There is clear evidence of SARS-
CoV-2 spread in the body tissues and fluids, although a doubt remains regarding semen (see Part
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III). The succession of positive, negative and positive again swab tests indicate that SARS-CoV-2 can
behave as an intermittent infection, alternating productive infection with asymptomatic persistent
infection, even in children.

Whether rare Kawasaki development in certain children is due to direct viral infection or to the
over-reactive inflammatory response, remains to be investigated. Anyway, it is important to note
that in such cases, early medical attention is the key to save the child´s life.

Conclusion

The current evidence demonstrates the overwhelming potential of SARS-CoV-2. According to
previous  evidence  coming  from  other  CoV  and  SARS-CO-V  plus  the  evidence  currently  being
accumulated, COVID-19 is a systemic illness and it is highly likely that it can alternate persistent and
productive infections involving the immune system as well as the nervous system, kidneys, intestine,
and liver. Under this view, patients which are today considered recovered or even asymptomatic
carriers, like most infected children, may tomorrow develop severe illness (in a way analogous to
HIV infection). 

As  Reviewed  in  Part  I,  there  fortunately  are  promising  therapeutic  strategies.  As  will  be
expressed in Part III, latency and sperm transmission to the descendants are not discarded yet. In
Part V Viewpoint, the importance of protecting our young population will be accordingly stressed.
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