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Case Report: Infection With SARS-CoV-2 in the Presence of High Levels of Vaccine-Induced Neutralizing Antibody Responses
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We present a case of SARS-CoV-2 B.1. 525 infection in a healthcare worker despite the presence of highly neutralizing, multivariant-specific antibodies 7 weeks after full vaccination with the mRNA vaccine BNT162b2. We show that the virus replicated to high levels in the upper respiratory tract over the course of several days in the presence of strong antibody responses. The virus was readily propagatable in vitro, demonstrating the potential to transmit to others, bolstered by the fact that several household members were equally infected. This highlights the importance of protective measures even in vaccinated individuals.
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INTRODUCTION

The vaccines available against SARS-CoV-2 have shown great efficacies but are not in all cases protective (1–3). Thus, infections after vaccinations can be expected in a few individuals. In particular with emerging SARS-CoV-2 variants more breakthrough infections are expected. However, studies have shown that vaccinated individuals have lower viral shedding (4) and a shorter duration of SARS-CoV-2 infection. Here we report on a case of SARS-CoV-2 infection with high levels of pharyngeal viral shedding 7 weeks after full vaccination with BNT162b2, despite the presence of high titers of anti-spike-antibodies with good neutralizing activity against the original SARS-CoV-2 variant and the contemporaneous variant B.1.525.



CASE DESCRIPTION


Longitudinal Follow-Up of Breakthrough SARS-CoV-2 Infection

Forty-nine days after receiving his second dose of SARS-CoV-2 mRNA vaccine BNT162b2 a 42-year old, otherwise healthy male tested positive for SARS-CoV-2 in a rapid antigen test, which was confirmed in a laryngopharyngeal swab by RT-PCR for two viral targets (E and S genes as previously described), two days later (see Figure 1). All four members of the household equally tested positive for SARS-CoV-2 (the two children 9 days before the individual whose case is presented here, and the wife 10 days after that) and all individuals had asymptomatic infections, except for the wife who reported one mild symptom (loss of sense of taste). At the time of her first positive test she had been vaccinated once with ChAdOx1-S (AstraZeneca) 3 weeks prior. Subsequent sequential testing of the male subject for SARS-CoV-2 RNA demonstrated an increase in viral load with a peak at day 6 after the first positive SARS-CoV-2 rapid antigen test. The first negative test was confirmed on day 10. Virus Propagation showed high titers after 5 day culture on Caco-2 cells (E gene RT-PCR Ct = 9.44, S gene Ct = 14.53) and capable productively infecting and lysing 100% of VeroE6 cells in 3 days (E gene Ct = 14.28, S gene Ct = 13.23). NextGen Sequencing using the Qiagen protocol on a miSeq (Illumina) platform (5) identified the virus from the laropharyngeal swab as SARS-CoV-2 B.1.525, identical to the reference sequence EPI_ISL_1571188, except for three silent base substitutions in the spike gene (A23746G, T24070C, and G25767T). This variant had been detected at varying but low frequencies in the German population in recent months, but remained a minor variant under investigation (6).
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FIGURE 1. Time course of SARS-CoV-2 vaccinations, antibody response, and infection in our subject. The green line shows the course of SARS-CoV-2 spike-specific antibodies in the patient. A first rapid antigen test was positive 49 days after the second vaccination, a first positive RT-PCR 2 days later. Note that 250 U/ml were the upper threshold value of the ELISA, the result for both data points in this assay was above the limit of accurate detection (>250 U/ml). The blue line shows the SARS-CoV-2 RT-PCR cycle threshold (Ct) value of the laryngopharyngeal swab samples taken from the patient on 5 different days around the time point of infection (results shown here for E gene Ct's). Note that the first positive RT-PCR showed the lowest viral load (highest Ct) of all three positive tests. The Roche Elecsys® N-specifc ELISAs performed on days 5, 10, and 20 days after first positive SARS-CoV-2 antigen test were negative at COIs 0.065, 0.46, and 0.569, respectively (threshold for positive result: 1.0), see also Supplementary Figure 1.




Good Neutralization Capacity Despite High Viral Titers

We next investigated the ability of SARS-CoV-2 recognition by the vaccine-induced immune responses. Using the Roche whole antibody ELISA (spike subdomain S1-specific) we first detected anti-SARS-CoV-2 antibodies 16 days after the first vaccination. Maximum levels were reached 9 days after the second vaccination (Figure 1). To determine the patient's ability to recognize and neutralize the SARS-CoV-2 variant B.1.525 as well as other variants we performed plaque reduction neutralization assays as previously described (7). We longitudinally tested plasma from the patient in the neutralization assays against four major SARS-CoV-2 variants B.3, B.1.117 (α variant), B.1.351 (β), and B.1.525 (η). Surprisingly, the plasma was equally capable of neutralizing B.1.525 virus as the other variants with slightly lower NT activity against B.1.351 (see Figure 2). Overall we observed a general trend for an increase in neutralization between day 5 and 13 after SARS-CoV-2 breakthrough infection (Figure 3). This boost detected in neutralization capacities of the individual's plasma from day 5 to day 13 was similar irrespective of the virus tested, i.e., at least a doubling of the NT90 values was observed against all four virus variants. Surprisingly, in these neutralizing samples no nucleocapsid (N)-specific antibodies could be detected up to 20 days after infection (Figure 1, Roche Elecsys® Anti-SARS-CoV-2 immunoassay and Supplementary Figure 1), while spike (S)-specific antibodies stayed at the highest detectable levels or above (Euroimmun SARS-CoV-2 ELISA).
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FIGURE 2. Plaque count after neutralisation assay with serial dilutions of the patient's serum on SARS-CoV-2 variants B.3, B.1.1.7, B.1.351, and B.1.525. The capacity of the serum to neutralise the different variants was correlated to the prevention of plaque formation. The plasma sample was diluted between a range of 1:4 (50 μl in 200 μl, see x axis) and 1:2048 to assess its titer for neutralisation. Results of four independent experiments are shown. Variations in NT values between experiments are indicated by an error bar.
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FIGURE 3. Neutralisation capacity of patient's plasma on days 5, 10, and 13 after first positive SARS-CoV-2 result. Neutralisation assays were performed with the four virus variants B.3, B.1.1.7, B.1.351, and B.1.525, the latter of which the patient had been infected with. The NT90 value is the corresponding reciprocal of the dilution at which 90% of plaques were suppressed. Results of three independent experiments are shown. Variations in NT values between experiments are indicated by an error bar.





DISCUSSION

Although high vaccination effectiveness (>90%) has been shown for several COVID-19 vaccines (1–3), questions remain as to the composition and characteristics of the group of individuals developing breakthrough infections despite full vaccination. It is believed that breakthrough infection occur due to immune escape mutations or lack of presence of high titers of neutralizing antibody responses. Here we describe a case of an individual that became infected despite the presence of high titer neutralizing antibodies. He developed high levels of viral load detectable in the pharyngeal swabs, and was likely to infect others. All four members in the familiy were infected, but we can not conclusively show who infected whom. However, the case raises the question whether breakthrough infections with SARS-CoV-2 usually occur in spite of strong neutralizing antibody responses. Indeed, while most reported cases of breakthrough infection ocurred before full vaccine-induced immunity had been induced (8), rare breakthrough infection cases were described despite the presence of neutralizing capacities against the infecting variant (9). Interestingly, this case and other breakthrough infection cases we investigated (unpublished data) show that the absence of an N-specific antibody response after infection is common. This led us to hypothesize that highly efficient spike-based neutralization in vaccinees prevents mounting antibody responses to nucleocapsid, an otherwise highly immunogenic viral protein (10).

There are many possible causes for breakthrough infection in adults. Firstly, immunosenescence might play a role in that the aging immune system is known to produce lower numbers of naive T and B cells (11). Moreover, reduced vaccination efficiency is usually observed above the age of 65 (12), yet our described case was 42 years old. Secondly, the longevity of specific B cells might differ between individuals, but the individual mounted high titers of neutralizing antibodies. While he became infected with the B.1.525 variant, he developed antibodies after BNT162b2 vaccination that efficiently neutralized the SARS-CoV-2 strains B.3 and B.1.1.7 as well as B.1.525. When comparing the neutralization capacities against the variants we determined that they differed by a factor of up to 4, with B.1.525 being neutralized the best, followed by B.3 and B.1.1.7, and B.1.351 being neutralized to the least degree among the four. This indicates that the amino acid differences in spike between these variants are still crucial for the efficiency of neutralizing antibodies even after natural infection of vaccinees. Whether B.1.525 is more efficiently neutralized by vaccination-induced antibodies than variants of concern or the early variant B.3 remains to be shown in larger studies. However, a first small study of BNT162b2 vaccinees (n = 37) found significantly higher neutralization of B.1.525 and B.1.1.7 and weaker neutralization of B.1.351 compared to B.1, respectively, thus corroborating our results (13). The slightly different result with B.1.1.7 might be due to the fact that we compared its neutralization to B.3, a variant more dominant in Germany.

Because of the scarcity of breakthrough infections it has been very difficult to fully characterize this phenomenon via systematic longitudinal studies. For COVID-19, very few cases of breakthrough infection have been reported and conclusive documentation of fully established immunity before infection is widely lacking (9). Therefore, based on the case presented here we propose that there might be another cause for breakthrough infection with SARS-CoV-2 than the commonly described ones discussed above.



PATIENT PERSPECTIVE AND CONCLUSION

This case illustrates one example of SARS-CoV-2 infection despite the presence of highly neutralizing, multivariant-specific antibodies after full vaccination with the mRNA vaccine BNT162b2. Furthermore, it demonstrates that the virus can replicate to high levels in the upper respiratory tract over the course of several days in the presence of strong antibody responses. Especially the high viral loads measured in RT-PCR and the fact that the virus from the patient was propagatable in vitro make it likely that some fully vaccinated individuals can transmit the virus to others highlighting the importance of protective measures even of vaccinated individuals.
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The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.704719/full#supplementary-material

Supplementary Figure 1. Spike (S) and nucleocapsid (N)-specific ELISAs for SARS-CoV-2 antibodies were performed at 3 different time points after infection. The result of the Euroimmun ELISAs is given as a ratio of extinction of sample/extinction of calibrator and is considered positive between 1.1 and 12. The Roche Elecsys® N ELISA result is given in COI (cutoff index), which is positive between 1.0 and approximately 250.



REFERENCES

 1. Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R, et al. Efficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. N Engl J Med. (2021) 384:403–16. doi: 10.1056/NEJMoa2035389

 2. Dagan N, Barda N, Kepten E, Miron O, Perchik S, Katz MA. BNT162b2 mRNA Covid-19 Vaccine in a Nationwide Mass Vaccination Setting. N Engl J Med. (2021) 384:1412–23. doi: 10.1056/NEJMoa2101765

 3. Emary K. R. W., Golubchik T., Aley P. K., Ariani C. V., Angus B., Bibi S., et al. (2021). Efficacy of ChAdOx1 nCoV-19 (AZD1222) vaccine against SARS-CoV-2 variant of concern 202012/01 (B.1.1.7): an exploratory analysis of a randomised controlled trial. Lancet 397:1351–2. doi: 10.1016/S0140-6736(21)00628-0

 4. Levine-Tiefenbrun M, Yelin I, Katz R, Herzel E, Golan Z, Schreiber L, et al. Initial report of decreased SARS-CoV-2 viral load after inoculation with the BNT162b2 vaccine. Nat Med. (2021) 27:790–2. doi: 10.1038/s41591-021-01316-7

 5. Nguyen TT, Pham TN, Van TD, Nguyen TT, Nguyen DTN, Le HNM, et al. Genetic diversity of SARS-CoV-2 and clinical, epidemiological characteristics of COVID-19 patients in Hanoi, Vietnam. PLoS ONE. (2020) 15:e0242537. doi: 10.1371/journal.pone.0242537

 6. RKI (2021). Report on SARS-CoV-2 Virus Variants in Germany, Especially VOCs. Available online at: https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/DESH/Bericht_VOC_2021-03-03.pdf?__blob=publicationFile.

 7. Streeck H, Schulte B, Kummerer BM, Richter E, Holler T, Fuhrmann C, et al. Infection fatality rate of SARS-CoV2 in a super-spreading event in Germany. Nat Commun. (2020) 11:5829. doi: 10.1038/s41467-020-19509-y

 8. Jacobson K. B., Pinsky B. A., Montez Rath M. E., Wang H., Miller J. A., Skhiri M., et al. (2021). Post-vaccination SARS-CoV-2 infections and incidence of the B.1.427/B.1.429 variant among healthcare personnel at a northern California academic medical center. MedRXIV. doi: 10.1093/cid/ciab554

 9. Hacisuleyman E., Hale C., Saito Y., Blachere N. E., Bergh M., Conlon E. G., et al. (2021). Vaccine Breakthrough Infections with SARS-CoV-2 Variants. N Engl J Med. 384::2212–18. doi: 10.1056/NEJMoa2105000

 10. Lu S, Xie XX, Zhao L, Wang B, Zhu J, Yang TR, et al. The immunodominant and neutralization linear epitopes for SARS-CoV-2. Cell Rep. (2021) 34:108666. doi: 10.1016/j.celrep.2020.108666

 11. Haynes L, Lefebvre JS. Age-related deficiencies in antigen-specific CD4 T cell responses: lessons from mouse models. Aging Dis. (2011) 2:374–81. 

 12. Goronzy JJ, Weyand CM. Understanding immunosenescence to improve responses to vaccines. Nat Immunol. (2013) 14:428–36. doi: 10.1038/ni.2588

 13. Zani A, Caccuri F, Messali S, Bonfanti C, Caruso A. Serosurvey in BNT162b2 vaccine-elicited neutralizing antibodies against authentic B.1, B.1.1.7, B.1.351, B.1.525 and P.1 SARS-CoV-2 variants. Emerg Microbes Infect. (2021) 10:1241–3. doi: 10.1080/22221751.2021.1940305

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Schulte, Marx, Korencak, Emmert, Aldabbagh, Eis-Hübinger and Streeck. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-704719-g003.gif
2564 - 8528

Logz (NT30)

. woiir
.8
=

©
.

RIS
& @
Time (days from first pos. test)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case Report: Infection With SARS-CoV-2 in the Presence of High Levels of Vaccine-Induced Neutralizing Antibody Responses



		Introduction



		Case Description



		Longitudinal Follow-Up of Breakthrough SARS-CoV-2 Infection



		Good Neutralization Capacity Despite High Viral Titers







		Discussion



		Patient Perspective and Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Case Report: Infection With
SARS-CoV-2 in the Presence of High
Levels of Vaccine-Induced
Neutralizing Antibody Responses





OPS/images/fmed-08-704719-g001.gif
.
2
2 o oo §
g = oo 3

o oo
745 %0 35 S0 ds do 35 o Fs o540 5 § 5 W 16 B
Time (days from first pos. tost)

e s o vcension





OPS/images/fmed-08-704719-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





