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Many pathogens have been reported to induce cross-protective immune responses against other

related and unrelated pathogens due to shared epitopes or induction of trained immunity.

Herein, I review the evidence we have so far on the possible SARS-CoV-2 cross-reactions with other

pathogens, and the immune modulatory e�ects it could induce, which could lead to bene�cial e�ects

against other diseases among COVID-19-recovered immunocompetent individuals.

Introduction

At the time of this writing, around 167 million people were tested positive for COVID-19 and more

than 3·47 million died worldwide.(1) For sure, this is the tip of a hidden iceberg due to limited testing

capacity and di�culty to detect asymptomatic infection.(2)

Looking at the scienti�c literature on this pandemic, most of characterization studies focus on the

negative e�ects of this pandemic on the human health and other life aspects. Reported symptoms

were not limited to respiratory or gastrointestinal symptoms but included most of human body;

literally from head (e.g. headache and foggy brain) to toe (COVID-19 toes)!(3, 4) Moreover, a growing

body of literature coined the term post-COVID-19 syndrome or long COVID-19 to describe

unexplained long lasting symptoms after being virus-free.(5)

On the other hand, few studies timidly addressed some positive e�ects of COVID-19, most of them are

indirectly linked to the virus e.g. e�ect of mitigation measures on air pollution,(6) or wearing

facemasks on spread of in�uenza, or hand hygiene on spread of enteroviruses.(7)

But the question is: Is there any direct positive impact of SARS-CoV-2 -the virus itself- on

individuals’ health during the infection period or afterward?
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The hypothesis

SARS-CoV-2 could induce protective immune responses against its di�erent variants, other human

coronaviruses (HCoVs) (e.g. SARS, MERS, common cold coronaviruses), other non-coronaviruses (e.g.

VZV, EBV, Herpesvirus, Hepatitis and In�uenza) ,and even other pathogens including bacteria, fungi,

or parasites. In addition, it could cause more tolerance to self-antigens and modulate immune

response to cancer cells and autoimmune diseases. These responses could be short-term limited to the

active infection period, or long lasting for months to years after the infection.

Human Immunity and cross-protection

The infection net result is generally determined by two main factors: the pathogen virulence and the

host immune response. 

Our human immune system is of two types: innate and acquired. Cells of innate immunity (natural

killers (NK) and granulocytes) recognise pathogen and its associated damage through pattern

recognition receptors (PRRs), which in turn activate a conserved defence pathways speci�c to this

pathogen category. The way our innate immunity classify invading pathogens di�ers from

microbiologists’ taxonomy, as it depends on the molecular patterns essential to pathogen survival -to

be targeted- ,and the patterns of the tissue damage induced. These patterns could be shared with wide

variety of pathogens and diseases.(8)

On the other immunity arm, adaptive immune cells (dendritic cells (DC) and T&B lymphocytes) do not

respond to the invading pathogen as whole, but to speci�c parts of it called epitopes inducing a

stronger, long lasting, and more speci�c responses.

Epitope is any part of the antigen that makes contact with part of the antibody called paratope, or bind

with T-cell receptor after being presented on antigen presenting cell (APC). So antibodies recognise

circulating pathogens through the outermost exposed epitopes, while T-cells recognise shorter

peptides from any part of the pathogen after cellular processing and presenting by APC.(9)

For that, an epitope could be a set of continuous subunits (e.g. amino acids), or discontinuous subunits

that come close together in the spatial conformation. This leads to wide range of combinations of

epitopes of the same antigen depending on its chemical and physical state. Epitopes and paratopes

complementary-binding depends on shape and charge more than subunits sequence. So an epitope

could bind to unrelated paratope and vice versa.(10)
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Based on this, a protective immunity from wide range of pathogens could be achieved due to exposure

to other unrelated pathogens due to shared immunogenic epitopes,  shared innate immunity pathogen

patterns, or shared tissue damage patterns.

How long does cross-protection last?

It has been a fact for decades that adaptive immunity has long-term (months-decades) memory,

achieved through gene recombination and clonal selection of B and T cells within germinal centres of

the secondary lymphoid tissues, which -these cells- in turn rapidly reactivate once exposed to their

complementary epitopes.

Interestingly, during the last decade, a growing body of literature has suggested the term   “trained

immunity” to describe the newly observed memory properties of the innate immune cells, which

mediated by epigenetic and metabolic reprogramming.(11) However, trained immunity is thought to

be reversible and short lived (could last for months up to 5 years)(12)

So cross-reactive innate and adaptive immune cells with memory properties could lead to cross

protection from other related and unrelated pathogens during the infection period, shortly after it, or

even for years-long.

Examples of non-speci�c cross-reactions

In mice studies, cross reactivity has been reported among viruses like �aviviruses ((Dengue virus

(DV), yellow fever virus (YFV) and Japanese encephalitis virus (JEV)),(13) between viruses and bacteria

as in herpesvirus cross-reaction with Listeria monocytogenes and Yersinia pestis,(14) and also

between fungi and bacteria as in Candida albicans cross reaction with Acinetobacter baumannii.(15)

In human studies, cross-reactivity has been reported between related viruses like Hepatitis C virus

(HCV) with Hepatitis A, B, and D viruses.(16) Interestingly, HCV also cross-reacted with unrelated

viruses like In�uenza A virus,(17)and Adenovirus.(18) Similarly, Epstein-Barr Virus (EBV) cross-

reacted with the unrelated In�uenza virus.(19)

Vaccines like BCG(Bacillus Calmette Guerin), OPV(Oral Polio Vaccine), DPT(Diphtheria, Pertussis,

Tetanus), smallpox and measles have shown non-speci�c protection against other pathogens and

diseases.(20)

For example, BCG -a live attenuated Mycobacterium Bovis vaccine introduced more than 90 years ago

to protect primarily from tuberculosis-has shown wide bene�cial e�ects against viruses like: Yellow
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fever,(21) HPV(Human papilloma virus),(22) RSV(Respiratory Syncytial Virus),(23) HSV(Herpes

Simplex Virus),(24)parasitic diseases as malaria,(25) fungi as candida albicans, and bacteria like

staphylococci.(26)

Moreover, BCG vaccine has been evident to induce an anticancer immune response against bladder

cancer,(27) leukaemia,(28) lymphoma,(29) and melanoma.(30) More surprisingly, bene�cial e�ects

of BCG vaccine has been reported against chronic diseases like bronchial asthma,(31) and autoimmune

diseases like: T1D (type-1 Diabetes) and MS (Multiple Sclerosis).(32, 33) 

The list is so long but all refer to the same concept of immune modulation through induction of

epitope-speci�c adaptive cross-protection, trained innate immunity, or both.

Evidence in the context of COVID-19

Cross-variant immunity

Majority of COVID-19 patients develop SARS-CoV-2 speci�c neutralizing antibodies along with

variable levels of CD4+ and CD8+ T cell responses.(34, 35). Substantial immune memory against SARS-

CoV-2 has been reported among 95% of recovered individuals after 6-8 months.(36)

These durable immune responses are capable to cross-protect from di�erent variants of SARS-CoV-2,

which could be further boosted by single dose of COVID-19 mRNA vaccine.(37) This cross-variant

immunity could explain the scarceness of COVID-19 con�rmed-reinfection cases worldwide (70 cases

so far).(38)

Pan-coronaviral immunity

There are six human coronaviruses (HCoVs) that share same family with SARS-CoV-2: SARS-CoV,

MERS-CoV, and the four endemic human coronaviruses (HCoV-OC43, -HKU1, -NL63, and -229E)

(�gure 1). Up to this point, there is no full epitope mapping for SARS-CoV-2, however, hundreds of

priori immunogenic epitopes of viral S, M and N regions have been predicted based on mapping of the

structurally most similar virus; SARS-CoV.(39, 40)
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Figure 1: Schematic illustration of genome organization of the seven human coronaviruses (HCoVs)

arranged in descending order from the most similar in gene sequence to SARS-CoV-2 above.(41)

Coronaviruses genome is a single stranded, non-segmented RNA genome, sized about 30 kilobases. This

genome encodes structural proteins including: spike glycoprotein (S), envelope protein (E), membrane

protein (M) ,and nucleocapsid protein (N).(42) Also it encodes other accessory non-structural proteins

that thought to have an immunomodulatory e�ects.(43)

At the genome level, SARS-CoV is 82.5 % identical to SARS-CoV-2, while MERS-CoV, HCoV-OC43,

HCoV-HKU1, HCoV-NL63, and HCoV-229E are 69.6%, 68.9%, 67.6%, 65.1% and 65% identical to

SARS-CoV-2 respectively. Homology on proteomic level (structural and non-structural protein levels)

is thought to be higher than genomic level. For example; most of SARS-CoV and SARS-CoV-2 proteins

are considered highly homologues (95%-100%).(41) This could lead to high chances of sharing very

similar immunogenic epitopes, which are recognized alike by immune cells and so induce pan-

coronaviral immunity.(44)

Le Bert et al., 2020 have reported robust CD4+ and CD8+ memory T cells against SARS-CoV that still

contained in patients recovered from SARS 17 years ago, moreover these cells cross-reacted with N-

peptides of SARS-CoV-2 in all patients.(45)
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Rabets et al., 2021 have recently reported cross-reactive antibodies against MERS-CoV in convalescent

plasma of COVID-19 patients.(44)

SARS-CoV-2 reactive CD4+ T cells has been detected by Grifoni et al.,2020 in about 50% of unexposed

individuals where their samples collected between 2015-2018, this cross-reactivity is suggested to be

induced by the endemic HCoVs causing common cold.(39) Similar results have been reported by

Weiskopf et al., 2020,(46) Braun et al., 2020,(47), Mateus et al.,2020(48) and  Le Bert et al., 2020(45)

but larger-scale studies are still needed.

Besides cellular cross-reactions, SARS-CoV-2 spike(S2)-reactive IgG antibodies has been detected in

di�erent sera of SARS-CoV-2 unexposed individuals, also suggested to be due to previous infection

with HCoVs. Interestingly, these IgG antibodies were more prevalent among children, which could

explain their lower rates of infection.(49)

These cellular and humoral cross-reactions between SARS-CoV-2 and other human coronaviruses

(HCoVs) support the hypothesis that SARS-CoV-2 can induce pan-coronaviral long lasting immunity

(months-years) that could protect from other coronaviruses or alleviate their severity. 

Cross-immunity explains di�erent COVID-19 presentations

Cross-immunity is thought to be a reason for the variability of COVID-19 presentations among

individuals and countries; in terms of disease duration, infectivity, severity and fatality.

Absence of infection although the exposure, along with asymptomatic and mild infections are thought

to be due to di�erent levels of pre-existing cross immunity.(50)

Age-wise, children are less susceptible to COVID-19. This observation could be explained not only by

natural innate antibodies and maternal antibodies,(51) but also by the cross-protection induced by

childhood vaccines like DPT(Diphtheria, Pertussis, Tetanus) or pneumococcal vaccines.(52, 53) This

immunological cross-protection fades over time explaining the increase of vulnerability for COVID-19

with age. In addition, the four human endemic coronaviruses which have higher infection rates among

young adults could explain COVID-19 age pattern as these viruses could induce pan-coronaviruses

immunity .(49)

On population level, milder burden of COVID-19 within the Middle East is suggested to be due to

cross-reactivity with the regional endemic MERS-CoV.(54) High COVID-19 death rates among USA,

UK, Italy and Spain and relatively lower rates among Africa, South America, China and Russia are
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hypothesised to be due to di�erent BCG vaccination coverage.(55-57) The bene�cial e�ect of BCG

against COVID-19 is assumed to be due to the well reported non-speci�c trained immunity induced by

the vaccine. However, these claims are based on observational studies with high risk of confounding

bias. A hypothesis article by Root-Bernstein argued the role of BCG in explaining these geographical

di�erences and suggest a role for pneumococcal vaccine instead.(53) For that, there are 20 ongoing

clinical trials around the world looking for any impact of BCG vaccine on COVID-19. Interim analysis

of one of these trials showed 53% reduction in SARS-CoV-2 infection rates in the BCG arm compared

to placebo arm.(58) 

Least developed countries in Africa and Asia are less than expected hit by COVID-19, this is possibly

because they were naturally vaccinated through high exposure to endemic pathogens that cross-

protect them from COVID-19 such as pneumococci and haemophilus.(59)

Interestingly, Pawlowski et al. have found that individuals recently vaccinated with non-COVID-19

vaccines (polio, Haemophilus In�uinzae B, MMR, Varicella, PCV13, Geriatric Flu, or HepA-HepB) had

lower SARS-CoV-2 infection rates.(60) This is possible to occur due to cross-reactions of these

vaccines with SARS-CoV-2.

SARS-CoV-2 non-speci�c cross-reactions

Flipping the aforementioned reports of cross-protection from COVID-19 induced by other pathogens

and vaccines, it becomes more plausible to hypothesize that SARS-CoV-2 infection could naturally

immunize immunocompetent individuals against other unrelated pathogens through the same

mechanisms of epitopes sharing and/or innate immunity reprograming. Here are some shreds of

promising evidence showing variable levels of similarity between di�erent pathogens epitopes and

predicted SARS-CoV-2 epitopes:

In silico prediction of potential COVID-19 cross-reactive epitopes based on proteomics mapping of

variable unrelated pathogens (18 viruses and 7 bacteria) by Reche, 2020, 595 peptides from 8 viruses

and 7 bacteria were found ≥80%  identical with 551 peptides from SARS-CoV-2 in at least 8 residues

(�gure 2).(52) 
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Figure 2: A bar chart showing predicted number of peptides for each pathogen that are ≥80%  identical

with SARS-CoV-2 in at least 8 residues. [Source of data: Reche, 2020].(52)

As noted in �gure 2, bacteria -and similarly fungi and parasites- are expected to have higher levels of

identical peptide sequences with SARS-CoV-2 compared to non-coronaviruses due to their larger

proteome which increases the probability of matching and so the probability of cross-reactions.

However, sharing peptides is one of many known and yet unknown determinants of cross-reactions.

For example, in a study by Mateus et al., a peptide with 80% similarity with SARS-CoV-2 epitope

failed to elicit any T-cell response while a peptide with 33% similarity succeeded.(48) 

Successful cross-reaction requires processing of shared epitopes inside antigen presenting cells

(APCs) and then presenting them in enough concentrations to the immune cells via human leukocyte

antigen system (HLA). Considering this factor alone, peptides of large pathogens like fungi and

bacteria have lower probability to be presented compared to viral peptides, as viruses are presented in

excess to the immune system due to their intracellular multiplication pattern and speed.(61)

Stervbo et al. have used a computational approach comparing peptide sequences of the most common

infectious pathogens in Europe (32 viruses, 26 bacteria, 11 fungi, and 2 parasites) to predicted HLA-1

and HLA-2 binding epitopes. Majority of these pathogens have shown di�erent levels of matching.

Top ten pathogens matching HLA-1 epitopes were: the four endemic HCoVs, Varicella-zoster virus

(VZV), Rotavirus A, In�uenza B, the fungi: Candida tropicalis and Cryptococcus neoformans, and the
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parasite Trichomonas vaginalis. Same pathogens ranked top ten for HLA-2 binding except for

Epstein-Barr virus (EBV) replaced Trichomonas vaginalis. Then they compared epitopes of top ranked

viruses to predicted SARS-CoV-2 epitopes, and all these viruses showed signi�cant similarities at

di�erent edit distances.(61) 

Similarly, in a study by Root-Bernstein, 2020, pneumococcal proteins (PspA, PspC, and PsaA) and a

modi�ed diphtheria toxin (CRM197) were found to have regions of signi�cant similarity with SARS-

CoV-2 spike protein (S), membrane protein (M) and replicase polyprotein 1a (1a). In the same study,

sequence matches with SARS-CoV-2 were observed also in MMR, DPT and BCG vaccines.

(62)Moreover, in a preprint small cohort study of 12 individuals by Sidhom et al., 2020, SARS-CoV-2-

speci�c T-cell receptors (TCRs) have been detected to in-vitro cross-react with M1 peptides of

In�uenza virus.(63)

Checkpoint

Importantly, all of these should be taken as hypotheses, even if proven right, it does not call by any

means for not following COVID-19 preventive measures on any level. It is only aimed to better

understanding of the disease and our immune responses.

It is crucial to highlight that immune modulation and cross reactivity is not always bene�cial. It is

possible that suboptimal cross-reactive immune responses could weaken immunity for the favour of

other pathogens or lead to less tolerance to self-antigens and induce autoimmune disease. For

example, pre-existing dengue antibodies were found to cross-react with zika virus and enhance its

infectivity via antibody-dependent enhancement (ADE).(64) What de�nes the outcome of cross-

reactivity is still poorly understood.

In COVID-19 context, suboptimal unfocused low avidity CD4+ T cell responses suggested to be

originated from previous infection with common cold coronaviruses, has shown to be linked to severe

form of COVID-19.(65) Moreover, co-infection with in�uenza A virus is reported to enhance the

infectivity of SARS-CoV-2 in both cell culture and mice.(66) But fortunately, vaccination of recovered

individuals is thought to optimize and boost immune responses to prevent such harmful outcomes.

(37)

Further lab-based research is still needed to clarify determinants of cross-reactivity and cross-

protection. Also Large scale cohort studies with matched controls are needed to elucidate the impact of

qeios.com doi.org/10.32388/ZSZH3F.2 9

https://www.qeios.com/
https://doi.org/10.32388/ZSZH3F.2


COVID-19 on other diseases ,and e�ect of pre-existing diseases on COVID-19 presentation. 

Anything else positive?

Possible positive impact of COVID-19 is not limited to cross-immunity. Other hypotheses could be

suggested among the scienti�c community for further testing. Some of them are on individual’s

health level like: “ COVID-19 could promote healing in diseased organs (e.g. liver) through induction

of stem cells activity”, or on population level like:” The pattern of immune responses to COVID-19

along with presentation and severity of the disease could be used as rough measurement for

strati�cation the population based on vulnerability for disease”.

Concluding remarks and future perspectives

To conclude, it is highly possible that SARS-CoV-2 could lead to positive e�ects against other

pathogens and diseases due to sharing of immunogenic epitopes or innate immunity reprogramming

. 

The wide spread of SARS-CoV-2 and its variants around the world, along with the mass vaccination

with variable forms of vaccines, besides other therapeutics and prolonged preventive measures, all

could lead to new era of the evolution of the relationship between pathogen, disease and human

immunity; in which new strains and pathogens could develop, compete or vanish. And on the other

battle side, human immunity would get modulated and adapted to protect from certain pathogens

and/or be more vulnerable to others. Some of these e�ects would be short-term and others could be

transgenerational!

To better understand and cope with that, further multilevel wide spread and prolonged research is

highly needed in the upcoming years to de�ne these changes in the worldwide disease map.
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