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Abstract 13 

The degree of protective immunity conferred by infection with SARS-CoV-2 is currently unknown.  As 14 

such, the possibility of reinfection with this virus is not well understood.  Herein, we describe the data 15 

from an investigation of two instances of SARS-CoV-2 infection in the same individual.  Through nucleic 16 

acid sequence analysis, the viruses associated with each instance of infection were found to possess a 17 

degree of genetic discordance that cannot be explained reasonably through short-term in vivo evolution.  18 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3681489



3 
 

We conclude that it is possible for humans to become infected multiple times by SARS-CoV-2, but the 1 

generalizability of this finding is not known.  2 

 3 

 4 

Introduction 5 

While infection with SARS-CoV-2 leads to a detectable immune response, what is not well understood is 6 

how susceptible previously infected individuals are to re-infection with SARS-CoV-2.  SARS-CoV-2 7 

infection in humans does result in the generation of neutralizing antibodies1.  However, the degree to 8 

which this indicates a formidable immunity to subsequent infection (with SARS-CoV-2) is not yet 9 

elucidated.  Evidence from the study of immunity to other coronaviruses has demonstrated that a loss of 10 

immunity to such viruses can occur within 1 to 3 years 2–9. Cases of primary illness due to infection 11 

followed by a discrete secondary infection / illness with the same biological agent can best be 12 

ascertained as distinct infection events through genetic analysis of the agents associated with each 13 

illness event.   Herein we describe a case of an individual who has had two distinct COVID illnesses from 14 

two genetically distinct SARS-CoV-2 viruses. This strongly supports that reinfection with SARS-CoV-2 can 15 

occur. 16 

  17 

Materials and Methods 18 

Diagnostic testing:   Specimens were taken by nasopharyngeal swab and transported to the Nevada 19 

State Public Health Laboratory in viral transport medium (VTM) or Aptima Multiswab Transport Media.  20 

Specimens were transported on cold packs and stored by refrigeration (4-8°C) for 72 hours or less prior 21 
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to nucleic acid extraction and subsequent real time PCR.  For real-time PCR, extraction was performed 1 

using Omega Biotek MagBind Viral DNA/RNA 96 Kit per manufacturer’s instructions and with an elution 2 

volume of 100 µl.  Aliquots of eluted RNA (5µl for the CDC 2019-nCoV Real-Time RT-PCR Diagnostic 3 

Panel, 10 µl for the Taqpath COVID-19 (EUA) Multiplex assay) (Thermo Scientific, Waltham, MA) were 4 

subjected to real time PCR either by the Taqpath COVID-19 Multiplex assay or the CDC Real-Time PCR. 5 

Aptima specimens were tested by the Aptima SARS-CoV-2 (Panther System) assay (Hologic, 6 

Marlborough, MA). Other than as indicated above, assays were performed according to their respective 7 

Emergency Use Authorized procedures.  8 

Viral Genomic Sequencing: Total RNA was extracted from nasopharyngeal swabs as described 9 

above.  This extracted RNA (70 µl) was treated for 30 minutes at room temperature with QIAGEN DNase 10 

I and then cleaned and concentrated with silica spin columns (QIAGEN RNeasy MinElute), with a 12-µl 11 

water elution.  A portion (7 µl) of this RNA was annealed to an rRNA inhibitor (QIAGEN FastSelect -rRNA 12 

HMR), and then reverse transcribed, strand-ligated and isothermally amplified into micrograms of DNA 13 

(QIAGEN FX Single Cell RNA Library Kit).  A portion (1 µg) of this amplified DNA was sheared and ligated 14 

to Illumina-compatible sequencing adapters, followed by 6 cycles of PCR amplification (KAPA HiFi 15 

HotStart) to enrich for library molecules with adapters at both ends.  Next, these sequencing libraries 16 

were enriched for sequence specific to SARS-CoV-2 using biotinylated oligonucleotide baits (myBaits 17 

Expert Virus, Arbor Biosciences).  An additional 8-16 cycles of PCR were performed post-enrichment, and 18 

these SARS-CoV-2 enriched sequencing libraries were pooled and sequenced with an Illumina NextSeq 19 

500 as paired-end 2x75 bp reads. 20 

Bioinformatics Analysis of potential reinfection pair:  Following the sequencing of each library, FASTQ 21 

files were imported into CLC Genomics Workbench v.20.0.4 with the following modules: CLC Microbial 22 

Genomics Module, CLC Genome Finishing Module, and Biomedical Genomics Analysis (QIAGEN A/S, 23 

Denmark).  Briefly, reads were imported, trimmed, and mapped to NBCI SARS-CoV-2 reference sequence 24 
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MN908947.3. The alignment was refined using the “InDels and Structural Variants” followed by “Local 1 

Realignment” modules. Variants were identified by a minimum coverage of 5, minimum count of 5, and 2 

minimum frequency of 70.0%. 3 

To ascertain repeatability of results, a second analysis of the potential reinfection pair of specimens was 4 

performed using an independent process and open source tools:  the potential reinfection sequence 5 

libraries were trimmed using Trimmomatic, version 0.39, with the ILLUMINACLIP adapter-clipping setting 6 

“2:30:10:2:keepBothReads” 10. Sequence pairs were aligned to the SARS-CoV-2 reference genome 7 

(MN908947.3) using Bowtie 2, version 2.3.11. PCR optical duplicates were flagged using Picard 8 

MarkDuplicates, in picard-slim version 2.22.5 12. Variants were called for both samples in concert using 9 

Freebayes, version 1.0.2, with ploidy settings of 1, minimum allele frequency of 0.75, and minimum depth 10 

of four reads for any variant call13. The genome sequence of each sample was constructed using coverage 11 

statistics from BBtools pileup and applyvariants, version 38.86, whereby only variants supported by 12 

coverage ≥ 4 were written to bcftools consensus, v1.10.2, and all positions supported by fewer than four 13 

reads, whether reference or alternative, were replaced with Ns14,15. 14 

Phylogenetic placement of reinfection pair: Phylogenetic analysis of whole genome sequences of the 15 

isolates were made in comparison with those of 171 contemporaneous sequences from Nevada, the 16 

SARS-CoV-2 reference strain (MN908947.3), and one sequence derived from isolate USA-WA1/202016 17 

(Bei Resources, Manassas, VA).  After trimming 5’ and 3’ uncalled bases (Ns), genomic sequences were 18 

aligned and related using NGPhylogeny.fr PhyML+SMS.17 There, sequences were aligned using MAFFT 19 

with automatic flavor selection 18. Informative regions were selected using BMGE, sliding window size 3, 20 

maximum entropy 0.519. Unrooted trees were constructed by PhyML with Smart Model Selection (SMS), 21 

AIC likelihood criteria, and Subtree Pruning and Regrafting (SPR)20,21 . Newick trees were visualized using 22 

the Interactive Tree Of Live (iTOL) v4 and rooted at the Wuhan reference strain 2223. Major SARS-CoV-2 23 

clade memberships were predicted using Nextclade 24 25. 24 
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Identity testing: Specimens (swabs specimens or extracted RNA residual samples)  provided to the 1 

Washoe County Sheriff's Office were quantified by utilizing 2 µl of the extracted DNA using the Quantifiler 2 

Trio DNA Quantification Kit by Applied Biosystems™ on the 7500 Real-Time PCR System by Applied 3 

Biosystems™, and analyzed with the 7500 HID software v 1.3. 4 

Amplification of the 24 GlobalFiler™ Short Tandem Repeat (STR) markers was accomplished on the 5 

ProFlex™ PCR Instrument through 29 cycles. The 3500xL Genetic Analyzer by Applied Biosystems™ was 6 

used for fragment analysis of the amplified STR marker regions in conjunction with HID Data Collection 7 

Software v4.0.1 and Genemapper™ ID-X Software v1.6. Statistical interpretation of STR data was 8 

achieved using the allele frequencies maintained in the National Institute of Standards and Technology 9 

(NIST) population database: http://strbase.nist.gov/NISTpop.htm#Autosomal 10 

 11 

Results 12 

In April, 2020, a twenty-five year old resident of Reno, NV tested positive for SARS-CoV-2 through a 13 

community-based testing event held by the Washoe County Health District (collection date: 4/18/2020).   14 

The patient indicated symptoms consistent with viral infection (sore throat, cough, headache, nausea, 15 

diarrhea; onset: 3/25/20). During isolation, the patient indicated resolution of symptoms (4/27/20).  The 16 

patient was subsequently tested by two nucleic acid amplification tests and was found negative for the 17 

presence of SARS-CoV-2 RNA for specimens collected on 5/9/2020 (by transcription-mediated 18 

amplification (TMA)) and again on 5/26/2020 (by real-time PCR (RT-PCR)).  The patient continued to feel 19 

well until 5/28/20.  On 5/31/20, the patient sought care with self-reported fevers, headache, dizziness, 20 

cough, nausea, and diarrhea.  A chest x-ray was performed and he was discharged home.  Five days 21 

later, on 6/5/20, the patient presented to a family care doctor and was found to be hypoxic and was 22 

instructed to go to the emergency department after provision of oxygen.  The patient was hospitalized 23 
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that day and was assessed for SARS-CoV-2 infection by RT-PCR testing.  The patient required ongoing 1 

oxygen support and reported symptoms that included myalgia, cough and shortness of breath.  A chest 2 

x-ray was performed on 6/5/20 and compared to that of 5/31/20 with the development of new patchy 3 

bilateral interstitial opacities suggestive of a viral or atypical pneumonia.  RT-PCR results were positive 4 

for the presence of SARS-CoV-2.  On 6/6/20, the patient was tested for IgG/IgM for SARS-CoV-2 and was 5 

positive.  A summary of specimens tested with result details is shown in Table 1. 6 

With consideration of two episodes of symptoms consistent with COVID-19, and two specimens found 7 

reactive for SARS-CoV-2 specimens separated by:  symptomatic recovery; a period of 48 days, and two 8 

non-reactive (negative) SARS-CoV-2 test results, we performed nucleic acid sequencing of the viruses 9 

associated with the positive cases. 10 

Sequence data indicated that the specimen collected in April of 2020 (specimen “A”) was found to be a 11 

member of clade 20C by way of genomic sequence analysis identifying all five mutation positions and 12 

bases that describe the clade.  The second reactive (positive) specimen, collected in June of 2020 13 

(specimen “B”) was also found to be a member of clade 20C, presenting the clade-defining mutations 14 

C3037T, C14408T, A23403G, C1059T and G25563T. In addition to possessing hallmark mutations of the 15 

20C clade, case A was determined to possess five further single nucleotide variants (SNVs) compared to 16 

the reference genome.  Sequence data from case B show 6 additional SNVs and a mutation at position 17 

14407, being adjacent to C14408T, recorded as a dinucleotide multi-nucleotide variant (MNV) at 18 

positions 14407-14408 of the genome (Figure 1 and Table 2). Six SNVs were shared between case A and 19 

case B (Table 2A)–the five which define the 20C clade, and C241T. Case A had four SNVs that are absent 20 

from the later case (Table 2B), while case B had seven SNVs (Table 2C) absent in the former.  A 21 

visualization of the relationship of the sequence data sets between cases A and B is shown in Figure 1.   22 

There were an additional three deletions and one insertion in Case B sequence relative to the reference 23 
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sequence (Supplemental Table 1), as called using CLC Genomics Workbench. To confirm that these 1 

findings would be obtained independently of the software tools used, we performed additional analyses 2 

on the FASTQ files generated from cases A and B.  Using the Bowtie 2 aligner and Freebayes variant 3 

caller with 75% allele frequency stringency, each case-specific and shared SNPs and MNPs with the 4 

exception of locus 4113 in case A were verified. Predictions of insertions and deletions were less stable. 5 

The additional analysis also predicted in case B of the deletion at loci 2084 and an insertion at 6018, but 6 

not others detected by CLC Genomic Workbench based analysis.  Freebayes analysis did detect one 7 

deletion at 22832 in case B that was not called by CLC Genomics Workbench (Supplemental Table 2). 8 

INDEL predictions from short read alignments are known to be less reliable than SNV predictions and are 9 

presented here for completeness.26  10 

Each of the specimens A and B were members of a cohort of specimens that were sequenced from the 11 

State of NV (174) collected from March 5 through June 5, 2020.  A phylogenetic diagram demonstrating 12 

the relatedness of A and B to each other and their comparative distance among these additional positive 13 

specimens is shown in Figure 2. 14 

To rule out the possibility of specimen mishandling or mislabeling errors during RNA extractions, we 15 

investigated the source and intermediate materials of specimens A and B by forensic identity testing.  16 

The original collected swab/transport media specimens for A and B, the residual extracted nucleic acid 17 

derived from A and B, and the residual aliquots of extracted nucleic acid supplied to the sequencing core 18 

facility were subjected to Short Tandem Repeat (STR) Analysis for identity comparison by the Washoe 19 

County Sheriff’s Forensics Laboratory.  Analysis of each of the specimens, residual extractions, and 20 

aliquot residuals were in agreement, that the A and B specimens and samples were derived from the 21 

same individual with a 1 in 53.48 septillion (53.48 x 1024) chance of the specimens being from different 22 

persons. 23 
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The individual associated with these cases possesses no significant conditions of an immunological 1 

nature that would imply facilitation of re-infection.  They were not utilizing any immunosuppressive 2 

medications.  The individual was negative for HIV by antibody and RNA testing (data not shown) and had 3 

no obvious cell count abnormalities.  The secondary positive case (B) occurred simultaneously to a 4 

positive case of a co-habitant (parent), also positive by NAAT (TMA) on 6/5/2020.  Sequencing is being 5 

attempted on this case to ascertain its potential role in case B.  However, the infected co-habitant’s 6 

positive specimen was collected and tested in the Hologic Aptima format, which did not align with the 7 

procedures established at our sequencing laboratory at the time of submission.   The positive case 8 

provides a possible source for secondary exposure and (re)infection.   9 

Discussion 10 

The data herein support an instance of reinfection with SARS-CoV-2.   For case A to experience 11 

mutations to become case B, the virus would have had to exhibit a rate of 83.64 substitutions per year, a 12 

rate that markedly exceeds that of 23.12, currently observed 30.  However, of enormous significance, 13 

four of the discordant loci seen between case A and case B would be reversions specific to the ancestral 14 

genotype.  The odds of this occurring are vanishingly remote and virtually assure that these are two 15 

distinct viral infection events.  Of course, if such a remarkable event of base change did occur in that 16 

timeframe, then the remarkable nature of cases A and B would shift from a case of possible reinfection 17 

to a case of high-rate evolution within an infected individual.  Both Case A and B were found to be in 18 

clade 20C, which was the predominant major clade observed in northern NV at collection time (Fig 2). 19 

An implication of this finding is that initial exposure to the SARS-CoV-2 virus may not result in a level of 20 

immunity that is 100% protective for all individuals.  With regard to vaccination, this is an established 21 

understanding, with influenza regularly demonstrating the challenges of effective vaccine design31.  It is 22 

crucial to note that the frequency of such a phenomenon is not defined by a singular case study.  This 23 
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may represent a rare event.  The lack of comprehensive genomic sequencing of positive cases in the 1 

United States and worldwide limits the sophistication of public health surveillance required to find these 2 

cases.  Certainly, limitations in screening / testing availability for SARS-CoV-2 exacerbate the poor 3 

surveillance efforts being undertaken not only to diagnose COVID-19 but also to obtain actionable 4 

genetic tracking of this agent.   5 
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Figure 1: Variant mapping of reinfection cases. *Identifies variant 14407 in Case A and both variants 
14407 and 14408 in Caes B. 
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Figure 2: Phylogenetic placement of infection cases within Nevada isolates and global clades. 
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