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ABSTRACT 
 

There has been a concerning increase in the incidence of autoimmune diseases following 

SARS-CoV-2 infection, with molecular mimicry proposed as a potential mechanism. Our study 

identified nine fertility-associated proteins (AMH, BMP2, CUBN, DNER, ERCC1, KASH5, 

MSLN, TPO, and ZP3) that exhibit potential molecular mimicry with MHC-II epitopes of 

SARS-CoV-2 proteins (N, ORF1A, ORF1AB, and S). We screened for epitopes based on in 

silico binding using DR-, DQ-, and DP-haplotypes that predispose susceptible individuals to 

autoimmune diseases. Our systematic analysis revealed that 41 countries with population 

coverage of over 50% had a pre-COVID pandemic total fertility rate of less than 2.1 births per 

woman. With over 761 million people from 229 countries and territories infected since 

December 2019, there may be a potential for a foreseeable negative effect on fertility in specific 

countries, particularly in high-income economies experiencing rapid demographic changes. 
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INTRODUCTION 
 

While SARS-Cov-2 infection was initially thought to only cause pulmonary failure, some 

studies have shown that it can also impact the reproductive systems of both men and women. 

Due to the presence of viral particles in human sperm and high expression levels of viral entry 

receptors (ACE2 and TMPRSS2/4) in the ovaries and testis, previous studies have established 

that the virus can target male and female reproductive organs. Although SARS-Cov-2 originally 

appeared to be a sexually transmitted infection (STI), a recent meta-analysis demonstrated that 

this is not the case [1-2]. COVID-19 has been linked to orchitis, low sperm quality, 

oligozoospermia, testicular inflammation, sperm duct inflammation, and testicular pain in males 

of reproductive age. Miscarriage, preterm delivery, and extended menstrual cycles have all been 

associated with SARS-CoV-2 infection in women [3]. A systematic screening of SARS-CoV-2 

epitopes revealed that immunoreactive epitopes of the spike (S) glycoprotein share 

pentapeptides with 27 human proteins related to oogenesis, uterine receptivity, decidualization, 

and placentation [4]. This suggests that pathogenic cross-reactive antibodies may develop 
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during SARS-Cov-2 infection that could directly impact human fertility. However, the 

biological relevance of these epitopes remains unexplored. 

There have been reports of antigenic mimicry between sexually transmitted infections 

(STIs) and human proteins. For example, chlamydial proteins share epitopes with human 

HSP10 and early pregnancy factor (EPF), and some C. trachomatis epitopes can generate 

autoantibodies in the serum and follicular fluid that cause spontaneous abortions in infected 

female patients with certain DRB1-DQB1 haplotypes [5]. Molecular mimicry by human 

papillomavirus (HPV) has also been suggested to lead to male and female reproduction-

associated problems [4, 6]. While epitopes from STIs and other infectious pathogens have been 

associated with autoimmune diseases [7], the ‘hygiene hypothesis’ suggests that shared epitopes 

from infections may also prime the immune system against certain types of cancers and other 

infectious diseases [8, 9]. In an analysis of immunoreactive epitopes present in SARS-CoV-2 

using hexapeptides as antigenic and immunogenic units, we confirm a vast peptide commonality 

with human proteins involved in human infertility that varies across different populations in 

terms of MHC II-presentation. 
 

 

MATERIALS AND METHODS 
 

Screening of cross-reactive peptides: To screen for cross-reactive MHC II-epitopes from 

the SARS-CoV-2 genome (NCBI:txid2697049), the Immune Epitope Database (IEDB) server 

according to analytical pipelines from previous studies on molecular mimicry [8, 10] were 

adopted with some modifications. BLASTP was performed with each SARS-CoV-2 protein 

against 226,171 human protein sequences in the UniProt database (www.uniprot.org/blast/) 

using default parameters. Of the 163 peptides identified, 130 sequences (79.7%) have already 

been reported in the literature [4, 6, 11-14]. The occurrences of each of the 163 sequences from 

the complete human proteome were then screened using the Peptide Match web interface 

(www.uniprot.org/peptidesearch/) of UniProt. After filtering out duplicates, a total of 2,440 

human proteins were obtained. 
 

Data mining for human autoimmune proteins: To identify proteins associated with 

autoimmunity, the gene names of the 2,440 proteins were queried in Google Scholar, PMC, and 

PubMed using the keywords “antibody,” “autoimmune,” and “antigen” with Boolean operators. 

The search process was accelerated by performing batch searches where 200 gene names were 

concatenated with the Boolean operator “OR.” Using this search strategy, a total of 212 proteins 

were identified. 
 

Epitope mimicry screening:  MHC-II associations of each autoimmune-associated protein 

were determined from the literature. A collection of 65 DR, DP, and DQ haplotypes was used to 

screen for 15-mer epitopes from SARS-CoV-2 proteins using eight methods for predicting class 

II epitopes [15]. Because SARS-CoV-2 epitopes in the IEDB database are generally 14-17mer, 

a peptide length of 15 is a suitable estimate for an average T cell epitope length [16]. This 

generated a total of 3,910 overlapping epitopes based on a percentile rank of less than 2% for all 

HLA alleles utilized. After inspecting for occurrences using the identified 163 crossmatching 

peptides, only 138 (3.5% of 3,910 epitopes) 15-mer peptides containing “unsafe” epitopes 

(ORF1AB = 45; ORF1AB = 38; N = 14; S = 21; ORF7B = 15; ORF10 = 5), or viral sequences 

homologous to human proteins within the epitopes were obtained. A total of 56 autoimmune-

associated human proteins with unique gene accession containing epitopes from SARS-CoV-2 

(ORF1AB=11; ORF1AB=9; N=19; S=14; ORF7B=3) were identified. These proteins were 

searched in the human autoantigen database of AAgAtlas 1.0 (http://biokb.ncpsb.org/aagatlas/)  

to confirm their association with autoimmune responses. Finally, to identify if the autoimmune-

associated proteins are linked with human fertility, the gene names of the 56 identified proteins 

were also queried in PubMed using keywords: “patient,” “spontaneous abortion,” “pregnancy,” 

“placenta,” “testicular,” “miscarriage,” “infertility,” “sterility,” and “ovarian.” 
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RESULTS AND DISCUSSION 

 
Out of the 56 autoimmune-associated human proteins screened, nine are either linked or 

responsible for male infertility, ovarian dysfunctions, infertility, low birth weight, and birth 

disorders. Sequences of the “unsafe” pentapeptides from SARS-CoV-2 are highlighted in bold 

and underlined letters (Table 1). Except for three of the seven immune determinants (ORF1AB: 

DFVEI; S: LIRAA; S: RAAEI), the minimal immune determinants in the epitopes overlap with 

each other (N: LALLL and ALLLL; ORF1A: LLSVL and LSVLL). A similar indication of 

cross-reaction due to molecular homology with epitopes was observed from the human 

papillomavirus (HPV), one of the most common sexually transmitted infectious agents in the 

general population [17]. The list of epitopes in SARS-Cov-2 reveal overlaps with epitopes from 

autoimmune-associated human proteins associated with perturbation of reproductive function, 

both with men and female. The disease association ranges from spontanous abortion, ovarian 

failure, pre-term, post-natal death and azoospermy (see Supplementary Material for detailed 

descriptions). 

 
 

Table 1: Epitope mimicry with SARS-CoV-2 proteins and human autoantigens associated with 

reproductive function and diseases.  

Viral 

Protein 
Pos. 

HLA II 

Epitope 
Autoantigen 

Gene 

Name 

Accn 

No. 

Reproductive 

Function 

Disease-

Association 
N 215-234 GDAALALLL

LDRLNQLES

KM 

Delta and Notch-

like Epidermal 

Growth factor-

related Receptor 

DNER Q8NFT8 follicle histogenesis 

and ovarian 

neovascularization 

recurrent spontaneous 

abortion 

N 215-234 GDAALALLL

LDRLNQLES

KM 

Anti-Mullerian 

hormone 

AMH P03971 regulation of primary 

follicle transition 

premature ovarian 

failure 

N 215-234 GDAALALLL

LDRLNQLES

KM 

Mesothelin MSLN Q13421 cell-matrix adhesion 

(unknown biological 

function) 

premature rupture of 

membranes (PROM) 

N 215-234 GDAALALLL

LDRLNQLES

KM 

Bone 

morphogenetic 

protein 2 

BMP2 P12643 developmental 

processes (i.e., 

cardiogenesis, 

neurogenesis, and 

osteogenesis), uterine 

decidualization 

recurrent pregnancy 

loss 

ORF1A 3905-3927 TEAFEKMVS

LLSVLLSMQ

GAVDI 

KASH domain-

containing protein 5 

KASH5 Q8N6L0 meiotic resumption, 

spindle formation 

and spermatogenesis  

premature ovarian 

insufficiency; round 

head and acephalic 

spermatozoa 

syndrome 

ORF1AB 6743-6767 VCSVIDLLL

DDFVEIIIKS

QDLSVVS 

Cubilin CUBN O60494 development of the 

peri-implantation 

embryo 

reproductive failure in 

women 

S 989-1003 AEVQIDRLIT

GRLQS 

DNA excision 

repair protein 

ERCC-1 

ERCC1 P07992 Spermatogenesis, 

oogenesis, functional 

integrity of germ cell 

DNA, embryonic 

organ development, 

male gonad 

development 

male infertility 

(azoospermy); 

S 1012-1026 LIRAAEIRAS

ANLAA 

Zona pellucida 

sperm-binding 

protein 3 

ZP3 P21754 sperm attachment on 

the zona pellucida 

autoimmune ovarian 

failure and infertility 

S 1007-1028 YVTQQLIRA

AEIRASANL

AATK 

Thyroid peroxidase TPO P07202 thyroid hormone 

biosynthesis for 

embryonic neuronal 

development 

miscarriage and pre-

term birth 

Homologous penta- and hexapeptides are shown in bold and underlined letters. Detailed descriptions of fertility-

associated autoimmune roles of the proteins are presented in the Supplementary Material. 

 

Dotan et al. also identified BMP2 and ERCC1 as potential molecular mimicry targets of 

SARS-Cov-2. FMN2, an actin-binding protein that mediates intracellular trafficking, invasion, 

and placentation in human pregnancy, was also enumerated by previous investigators [4]. 
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However, the latter protein was excluded from Table 1 because its shared pentapeptide failed to 

strongly bind to the class II HLA haplotypes used in the study. The novelty of our approach lies 

in the increased stringency in selecting molecular mimicry occurrences. This was implemented 

by carefully validating the shared pentapeptide residing within HLA-restricted epitope regions 

and cross-checking for human autoimmune-association in the literature. 

A clinical validation of autoantibody response to COVID-19 infection was recently 

published [18]. A comprehensive snapshot of SARS-CoV-2 humoral response revealed elevated 

IgGs against SPANXN4, STK25, ATF4, PRKD2, and CHMP3 from a cohort of 97 COVID-19 

patients in Qatar and New York (USA). Moreover, the authors underscored the effect of 

COVID-19 infection on human fertility since the most elevated IgG target, SPANXN4, is a vital 

protein for spermiogenesis. Interestingly, although SPANXN4 was missed from our analysis, 

ATF4 and CHMP3 were found sharing epitopes with ORF7B and ORF1AB. ATF4 and CHMP3 

were excluded since clinical associations of the proteins with autoimmune diseases in the 

literature were not found. Of note, the infertility-associated proteins cataloged by Dotan et al. 

were absent in the autoimmune proteome of the patients [4]. These papers collectively provide a 

mechanism linking cross-reactivity or short peptide sequences derived from infertility-related 

proteins and proteins in SARS-CoV-2 with observed infertility occurrences and COVID-19 

infections. 

The global population coverage of SARS-CoV-2 epitopes was inferred using data from the 

Immune Epitope Database (IEDB) and the fact that the virus has already infected over 761 

million people across 229 countries and territories, as of 06 April 2023. Using IEDB’s 

population coverage analysis tool, it was found that 50.51% of the global population may 

respond to the shared epitopes, with 1.01 epitopes recognized by 90% of the world population. 

Figure 1 shows the projected response to SARS-CoV-2 infertility-associated shared epitopes in 

92 countries. There were 41 “endangered” countries with population coverage values greater 

than 50% and total fertility rates that are below the 2.1 replacement fertility rate, according to 

the United Nation’s World Population Prospects.  
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Figure 1: Molecular mimicry by SARS-CoV-2 and human fertility. Population coverage by the shared 

epitopes among 92 countries and territories relative to total fertility rates as of 2020 UN data 

(https://population.un.org/wpp/Download/Standard/Population/). Class II HLA alleles used: 

DRB1*01:01, DRB1*01:02, DRB1*01:03, DRB1*04:05, DRB1*04:06, DRB1*03:01, DRB1*03:02, 

DRB1*03:03, DRB1*03:04, DRB1*07:01, DQA1*05:01, DQA1*05:05, DQB1*02:01, DQB1*03:03, 

DQB1*06:04, DQB1*06:05. The red vertical line shows the replacement level fertility of 2.1 children per 

woman, the level of fertility at which a population exactly replaces itself from one generation to the next. 
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Among the countries with low replacement fertility rates, Italy had the highest population 

coverage at 99.97%, while the United Kingdom had the lowest at 8.8%.  Notably, 31 (75.6%) of 

these countries are classified as “high-income economies” by the World Bank [19], indicating 

that this issue may be more prominent in high-income economies with low fertility rates and 

rapidly aging populations. It should be noted that replacement level fertility needs to be 

sustained over a sufficiently long period for each generation to exactly replace itself [20]. 

 

Acknowledgements: Custer Deocaris is the Philippines’ National Focal Person for the 

International Atomic Energy Agency’s Zoonotic Diseases Integrated Action (ZODIAC). This 

study is supported by DOST-PNRI GAA under the project titled “Bioinformatics Knowledge 

Systems for Radiation Biology and Zoonosis.”  
 
Conflict of Interest: All the authors declare no conflict of interest.  
 

 

REFERENCES 

 

1. Anifandis G, Tempest HG, Oliva R,  Swanson GM, Simopoulou M,  Easley CA, Primig M, 

Messini CI, Turek PJ, Sutovsky P, Ory SJ, Krawetz SA. COVID-19 and human 

reproduction: A pandemic that packs a serious punch. Syst Biol Reprod Med 2020;67:3-23.  

2. Tur-Kaspa I, Tur-Kaspa T, Hildebrand G, Cohen D. COVID-19 may affect male fertility but 

is not sexually transmitted: a systematic review. F S Rev 2021;2:140-149.  

3. Rajak P, Roy S, Dutta M, Podder S, Sarkar S, Ganguly A, Mandi M, Khatun S. 

Understanding the crosstalk between mediators of infertility and COVID-19. Reprod Biol 

2021;21:100559.  

4. Dotan A, Kanduc D, Muller S, Makatsariya A, Shoenfeld Y. Molecular mimicry between 

SARS-CoV-2 and the female reproductive system. Am J Reprod Immunol 2021;86:e13494.  

5. Betsou F, Borrego MJ, Guillaume N, Catry MA, Romao S, Machado-Caetano JA, Sueur JM, 

Mention J, Faille N, Orfila J. Cross-reactivity between Chlamydia trachomatis heat shock 

protein 10 and early pregnancy factor. Clin Diagn Lab Immunol  2003;10:446-450.  

6. Kanduc D, Shoenfeld Y. Human papillomavirus epitope mimicry and autoimmunity: The 

molecular truth of peptide sharing. Pathobiology 2019;86:285-295.  

7. Rojas M, Restrepo-Jiménez P, Monsalve DM, Pacheco Y, Acosta-Ampudia Y, Ramírez-

Santana C, Leung PSC, Ansari AA, Gershwin ME, Anaya JM. Molecular mimicry and 

autoimmunity. J Autoimmun 2018;95:100-123.  

8.  Deocaris CC, Taira K, Kaul SC, Wadhwa R. Mimotope-hormesis and mortalin/grp75/ 

mthsp70: a new hypothesis on how infectious disease-associated epitope mimicry may 

explain low cancer burden in developing nations. FEBS Lett 2005;579:586-590.  

9.  Guarner F, Bourdet-Sicard R, Brandtzaeg P, Gill HS, McGuirk P, van Eden W, Versalovic J, 

Weinstock JV, Rook GAW. Mechanisms of disease: the hygiene hypothesis revisited. Nat 

Clin Pract Gastroenterol Hepatol 2006;3:275-284.  

10. Doxey AC, McConkey BJ. Prediction of molecular mimicry candidates in human 

pathogenic bacteria. Virulence 2013;4:453-466.  

11. Adiguzel Y. Molecular mimicry between SARS-CoV-2 and human proteins. Autoimmun 

Rev 2021;20:102791. 

12. Angileri F, Legare S, Gammazza AM, de Macario EC, Macario AJ, Cappello F. Molecular 

mimicry may explain multi-organ damage in COVID-19. Autoimmun Rev 2020;19: 

102591.  

13. Ehrenfeld M, Tincani A, Andreoli L, Cattalini M, Greenbaum A, Kanduc D, Alijotas-Reig J, 

Zinserling V, Semenova N, Amital H, Shoenfeld Y. Covid-19 and autoimmunity. 

Autoimmun Rev 2020;19:102597.  

14. Kanduc D. From Anti-SARS-CoV-2 Immune Responses to COVID-19 via Molecular 

Mimicry. Antibodies (Basel) 2020;9:33.  



 

 

 

 

 Deocaris and Alinsug / Mol Biol Res Commun 2023;12(2):71-76   DOI:10.22099/mbrc.2023.47122.1819   MBRC 

http://mbrc.shirazu.ac.ir                                                                76                                                               

  

15. Vita R, Mahajan S, Overton JA, Dhanda SK, Martini S, Cantrell JR, Wheeler DK, Sette A, 

Peters B. The immune epitope database (IEDB): 2018 update. Nucleic Acids Res 2019; 

47(D1):D339-D343.  

16. Brand M, Keşmir C. Evolution of SARS-CoV-2-specific CD4+ T cell epitopes. 

Immunogenetics 2023;31:1-11.  

17. Muscianisi F, De Toni L, Giorato G, Carosso A, Foresta C, Garolla A. Is HPV the novel 

target in male idiopathic infertility? A systematic review of the literature. Front Endocrinol 

(Lausanne) 2021;12:643539. 

18. Schmidt F, Abdesselem HB, Suhre K, Sohail M, Al-Nesf M, Bensmail I, Mashod F, 

Sarwath H, Bernhardt J, Tan TM, Morris PE, Schenck EJ, Price D, Vaikath NN,  Mohamed-

Ali V, Al-Maadheed M, Arredouani A, Decock J, Blackburn JM, Choi AMK, El-Agnaf O 

M. Auto-Immunoproteomics Analysis of COVID-19 ICU Patients Revealed Increased 

Levels of Autoantibodies Related to Male Reproductive System. bioRxiv.  

19. World Bank. World Bank Country and Lending Groups. 2022; from 

https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-

and-lending-groups?msclkid=6a09305ac32211ec940ea0ed5a6406ea. 

20. Craig J, Trends P. Replacement level fertility and future population growth. Popul Trends 

1994;78:20-22. 

 


