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Abstract: Objective: Spontaneous infection with severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) after mRNA vaccination causes a marked increase in antibody titer because of the 

combined effect of vaccine and infection (“hybrid immunity”). In this study, we discuss the 

significance of the mRNA vaccine booster inoculation that has been repeatedly performed in Japan. 

Methods: We describe the temporal trends of antibody titers in cases in which antibody titers were 

markedly increased by hybrid immunization. Results: The antibody titer increased with hybrid 

immunization and tended to decrease with time. However, several cases maintained high antibody 

titers for approximately one year after coronavirus disease 2019 (COVID-19 diagnosis), even 

without booster vaccination. Conclusions: Most Japanese patients naturally infected with COVID-

19 were infected after mRNA vaccination, and many maintained high antibody titers due to hybrid 

immunity. The significance of additional vaccination in hybrid-immunized cases is highly 

questionable regarding cost-effectiveness and risk-benefit. 
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Introduction 

Four years have passed since the coronavirus disease 2019 (COVID-19) pandemic began in 

Wuhan, China, and three years have passed since the introduction of the COVID-19 mRNA vaccine. 

In Japan, COVID-19 was classified as a Category 5 infectious disease in May 2023, similar to seasonal 

influenza, and more than six months have passed since then. 

An eighth wave of COVID-19 spread during the summer of 2023 and is expected to spread again 

in the winter of 2023–2024. However, this recent wave did not cause significant disruption; society 

returned to normal, and people's interest in COVID-19 seems to be gradually waning. We believe 

that the pandemic has been contained; however, free vaccination with the COVID-19 mRNA vaccine 

continues even after COVID-19 has been classified as a category 5 disease, which does not require 

special quarantine or total surveillance. Japan is the only country in the world that has promoted 

vaccination with up to six or seven doses of the COVID-19 mRNA vaccine for the entire population. 

In 2023, we reported that high titer levels of antibodies persisted for a relatively long period in 

patients with COVID-19 who had acquired immunity through both vaccination and post-vaccination 

breakthrough infection (“hybrid immunity”), raising questions regarding the need for frequent 
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additional vaccinations [1–3]. We identified the need for a large-scale study in Japan to examine the 

trends in COVID-19 antibody titers over time in post-vaccination breakthrough cases, which 

comprise the majority of COVID-19-infected patients in Japan. 

However, no large-scale studies have been conducted, at least in Japan. In Japan, the Ministry of 

Health, Labor, and Welfare and prominent experts recommended that even previously infected 

people receive an additional vaccination three months after infection [4,5]. In addition, many people 

in Japan, mainly older adults, had been spontaneously infected with COVID-19 in the summer of 

2023 and received the sixth or seventh additional dose of the vaccine in the autumn of 2023, even 

though their antibody titers were high. 

Herein, we describe several cases of spontaneous infection with COVID-19 after multiple 

vaccine doses and follow-up of antibody titers for six months to 1 year, prompting us to reconsider 

the significance of additional vaccination. 

Materials and Methods 

This was a single-center retrospective study. We conducted a longitudinal observational study 

involving outpatients at Osaka Dental University Hospital. The study protocols were approved by 

the Ethics Committee of Osaka Dental University Hospital (2022-10). Written informed consent was 

obtained from all participants. From October 2021 to December 2023, IgG-type severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) antibody titers were measured in 10 participants, 

and the titers of SARS-CoV-2 anti-receptor-binding domain IgG antibodies were measured in serum 

samples. 

Serology Assays 

The Abbott Architect SARS-CoV-2 IgG II Quant (Abbott Laboratories, Chicago, IL, USA) 

chemiluminescent microparticle immunoassay was used to detect IgG antibodies to the receptor-

binding domain of the S1 subunit of the SARS-CoV-2 spike protein, according to the manufacturer’s 
instructions. The reportable measurement range of the assay is up to 80,000 AU/mL. IgG antibody 

titers >50 AU/mL (manufacturer cut-off) indicated seropositivity. 

Results 

Case presentations 

Figure 1A shows the case of a woman in her 40s working in the medical profession. The patient 

was vaccinated with up to three doses, but her entire family was infected in the beginning of 2023. 

We have been monitoring antibody titers every three months since then, and while these have 

declined, they have remained in the order of 10,000 for at least 6 months. 
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Figure 1B shows the titer of a couple in their 70s, whom the author is following as outpatients. 

The patients were infected in October 2022 after receiving the fourth vaccination, but they could not 

decide whether to be vaccinated again because of severe adverse reactions to the vaccine; therefore, 

they decided to have their antibody titer checked. We monitored the antibody titer every three 

months for a year. After infection, the antibody titer gradually declined but remained at a level of at 

least 10,000 units for approximately one year. 

 

Figure 1C shows a man in his 60s thought to have been spontaneously infected in the summer 

of 2022, after which the antibody titer increased to >40,000 AU/mL (the upper limit of measurement 

at our facility at that time). We followed up on the antibody titer frequently after that. The waning of 

antibody titers was not linear but exhibited a shape similar to the exponential function f(X) = e-X. The 

decline tends to be gradual and approaches a plateau. Antibody titers decreased considerably over 

time. However, antibody titers only rise to a few hundred units with natural infection, and titers in 

the 6,000–7000 AU/mL range are approximately the same as those immediately after the second or 
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third vaccination. Thus, antibody titers in the order of thousands are still sufficiently high, and we 

believe that antibody titers from hybrid immunity are prohibitively high. 

 

However, patients maintain high antibody titers nearly a year after infection. Figure 1D shows 

the case of a mother in her 80s and a daughter aged nearly 60 years who lived together. In this case, 

the daughter was spontaneously infected immediately after receiving the fourth dose of the vaccine 

in November 2022, after which the mother was infected. When we started the follow-up, 

approximately six months had passed since the infection. The daughter's antibodies remained >80,000 

AU/mL for a long time, and the mother's antibody level was still >20,000 AU/mL, although it 

gradually decreased. The daughter may have been asymptomatically infected during follow-up; 

however, in such cases, the mother who lived with the daughter would have been infected at a high 

rate. Since the titer in the mother was not increased, this was considered unlikely. 

 

Cases of high antibody titers have occurred after repeated spontaneous infections without a PCR 

diagnosis. Figure 1E shows a man in his 60s who is considered to have been spontaneously infected 

asymptomatically in the summer of 2022 and was infected again in the winter of 2023; the antibody 
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titer increased to >80000 AU/mL and has remained high ever since. Thus, cases exist where high 

antibody titers are maintained through repeated spontaneous infections without additional vaccines. 

 

Table 1 describes the cases of three infected patients in the summer of 2023 after receiving the 

fifth vaccine dose. All were women in their 70s, and they wondered whether to take the sixth dose in 

the autumn of 2023. Several months had passed since the infection, but two cases exhibited antibody 

titer that had increased to >8,0000 AU/mL. We decided that additional vaccination was unnecessary, 

and we will continue to follow up on the antibody titer. 

Table 1. Infection in 2023 summer after the 5th vaccination. 

Case 

1st Vaccination Date 

2nd Vaccination Date 

3rd Vaccination Date 

4th Vaccination Date 

5th Vaccination Date 

Date of 

Infection 

Post infection 

Antibody Test 

Date 

Number of Days 

from Infection to 

Antibody Titer 

Measurement 

Post infection 

Antibody Titer 

(AU/mL) 

75F 

6/8/2021 

6/29/2021 

1/26/2022 

8/4/2022 

11/9/2022 

8/21/2023 10/10/2023 50 >80000 

77F 

6/8/2021 

6/29/2021 

1/26/2022 

8/4/2022 

11/9/2022 

8/13/2023 11/6/2023 85 >80000 

79F 

5/17/2021 

6/8/2021 

2/8/2022 

11/9/2022 

5/27/2023 

8/24/2023 12/5/2023 103 32834 

Discussion 

Herein, we describe antibody titer trends for several cases of SARS-CoV-2 antibody that could 

be followed for a relatively long time after the breakthrough infection with COVID-19 in 2023. 

According to an analysis of blood donations, as of February 2023, 42.3% of the Japanese population 
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had N antibodies, indicating a previous infection with COVID-19 [6]. Currently, most of the Japanese 

population is thought to have a history of past COVID-19 natural infections. In early 2022, when most 

of the population (>70%) had received the second dose of the vaccine, the cumulative number of 

COVID-19-infected persons in Japan was approximately 1.7 million; by May 2023, the cumulative 

number of infected persons was approximately 34 million. Thus, in Japan, most infected people are 

thought to have become infected after the Omicron strain became the predominant SARS-CoV-2 

strain after a second or more vaccinations. Therefore, Japanese individuals with N antibodies likely 

have hybrid immunity due to vaccination and spontaneous infection, accounting for most of the 

population. Certain of them may have been naturally infected six months to a year or more ago, and 

their antibody titers may have declined; however, many of those with hybrid immunity are still 

considered to have high antibody titers. 

This study had certain limitations. This study only described a few cases, and discussing the 

advantages and disadvantages of additional vaccinations on this basis alone could be argued to be 

inappropriate. Furthermore, although neutralizing antibodies can be measured instead of IgG 

antibodies against the RBD or cellular immunity evaluated, we did not consider those aspects of 

immunity in this study. A large multicenter study should examine the increase in SARS-CoV-2 

antibody titers and the long-term follow-up of hybrid immunity after a breakthrough infection to 

answer these questions. 

Additional predisposing factors in antibody responses to SARS-CoV-2 have been identified. 

Differences in the degree of SARS-CoV-2 antibody acquisition and maintenance after vaccination 

have been reported, and host factors such as age, sex, comorbidities, and genetic polymorphisms 

have been shown to be involved [7]. Furthermore, the higher the IgG and neutralizing antibody titers, 

the stronger the protection against infection with the Omicron variant and the stronger the 

symptomatic disease [8]. Based on these studies, we should consider what specific predisposing 

factors in the Japanese population would result in higher SARS-CoV-2 antibody titers and what level 

of SARS-CoV-2 antibody titer would effectively prevent the onset of disease or severe disease. 

In the United States, a robust study of US Military Health System beneficiaries was conducted 

to clarify the predictors of vaccine immunogenicity. This study showed that antibody titers did not 

decrease six months after COVID-19 infection when hybrid immunization was acquired compared 

with immunization via vaccine or infection alone [9]. The authors stated that the antibody titer 

remained high for at least six months after hybrid immunization. This may help inform vaccination 

timing strategies. 

Changes over time in antibody titers and cellular immunity should be tracked. Unlike 

antibodies, memory T cells are considered to be long-lived and remain in sufficient numbers to 

suppress severe disease even eight months after vaccination [10]. 

An immunology expert prescribed in an online article, "Immune memory from vaccination 

against SARS-CoV-2 infection is maintained for at least one year and is re-boosted by actual infection 

and repeat vaccination. No immunological reason is observed to vaccinate more frequently, such as 

every three months. Rather, immunologically speaking, frequent administration of vaccines carries a 

higher risk of adverse reactions from adjuvants and diseases from antibodies [11]." 

Infectious disease experts have appeared on various media and social networking sites to 

encourage the public to receive the COVID-19 vaccine [12–14]. However, many citizens did not feel 

there was any scientific basis for what the infectious disease experts had said, and many believed 

there was no coherence.  

Why have infectious disease specialists in Japan lost the trust of the public? The following 

symbolic episodes occurred in Japan as an example of this discordance. However, they were not 

directly related to the COVID-19 vaccine. At one time in Japan, people were recommended to remove 

their masks only when they brought food to their mouths during meals and wear masks at other 

times, especially during conversations and even during meals, the so-called "masked meal [15]." 

However, additional opinions stated that frequently bringing one’s hands to one’s mouth during a 
meal might increase the risk of infection [16]. Dr. Shigeru Omi, the Chairman of the Subcommittee 

on Countermeasures against COVID-19, personally demonstrated and encouraged a "masked meal." 
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This practice was ridiculed as "Omi’s way of eating.” By the end of 2022, prominent infectious disease 
experts posted a video on YouTube recommending this "masked meal” [17]. However, a professional 

baseball player had a negative view of the actions and words of these infectious disease experts [18]. 

We will not discuss here whether "masked meal" effectively prevent infections. However, we 

consider that the topic of the "masked meal" symbolizes the considerable gap between the infectious 

disease specialists who recommended the "masked meal" and the general public's perception.  

In October 2023, a remarkable article was published by a group of prominent researchers who 

stated that the COVID-19 vaccine reduced both infections and deaths in Japan from February to 

November 2021 by >90% and that without the vaccine, the number of COVID-19 infections and deaths 

could have reached approximately 63.3 million and 360,000, respectively [19]. Although we do not 

discuss this article now, many citizens do not believe the COVID-19 vaccination was effective, and a 

video questioning this article was immediately uploaded to YouTube [20,21]. 

Infectious disease experts have announced the effectiveness of the COVID-19 vaccine in 

preventing the onset and severity of the disease and have strongly recommended frequent additional 

vaccinations because the antibody titer decreases over time after vaccination. However, many public 

members no longer believe the COVID-19 vaccine is effective. Many have received free vaccination 

coupons, but for how long they should continue to be vaccinated remains unclear. Many question 

the safety of the COVID-19 vaccine and whether the entire population, including healthy young 

people, should continue to be vaccinated. Again, a gap between infectious disease specialists and the 

general public appears to be present in the perception of the COVID-19 vaccination. 

Therefore, rather than continuing to promote frequent vaccination of the entire population, a 

clear and scientific presentation of the positive reasons for COVID-19 vaccination in Japan and the 

target of vaccination in the form of a target antibody titer would be valuable. This will help restore 

public confidence in infectious disease specialists and healthcare professionals. 

Even if the antibody titer remains high after infection with a conventional strain, this may not 

be effective in protecting against the currently prevalent mutant strains. If a person has been infected 

recently, the virus that infects them is considered more up-to-date than the current vaccine, and 

rushing to vaccinate them may not be worthwhile. We believe a flexible response that considers cost 

and risk benefits is required. 

SARS-CoV-2 antibody titers raised by hybrid immunity are robust, although they tend to decline 

over time. Individual differences exist but do not decrease completely within at least 3 months. From 

2024, vaccination will be optional once a year for older patients. However, at least for those already 

infected, it may not be necessary once a year. A multicenter large-scale study should be conducted 

on the changes in antibody titers after COVID-19 infection. Therefore, the significance of routine 

vaccinations should be considered. Since Japan has been conducting numerous unparalleled 

vaccinations worldwide, meaningful research could be subsequently performed on antibody titer 

trends.  

Conclusions 

Most Japanese patients naturally infected with COVID-19 were infected after mRNA 

vaccination, and many of them may maintain high antibody titers because of hybrid immunity. We 

do not intend to state here that the COVID-19 vaccine is extremely harmful or ineffective or that this 

should be stopped immediately. We consider that the significance of additional vaccination in hybrid 

immunized cases is highly questionable in terms of cost-effectiveness and risk-benefit. 

References 

1. Kusunoki H, Ohkusa M, Iida R, Saito A, Kawahara M, Ekawa K, Kato N, Yamasaki K, Motone M, Shimizu 

H. Longitudinal Changes in IgG-Type SARS-CoV-2 Antibody Titers after COVID-19 Vaccination and a 

Prominent Increase in Antibody Titers When Infected after Vaccination. Vaccines (Basel). 2023 Apr 

17;11(4):860. 

2. Kusunoki H, Ekawa K, Ekawa M, Kato N, Yamasaki K, Motone M, Shimizu H. Trends in Antibody Titers 

after SARS-CoV-2 Vaccination-Insights from Self-Paid Tests at a General Internal Medicine Clinic. 

Medicines (Basel). 2023 Apr 20;10(4):27.  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 January 2024                   doi:10.20944/preprints202401.0376.v1

https://doi.org/10.20944/preprints202401.0376.v1


 8 

 

3. Kusunoki H. COVID-19 and the COVID-19 Vaccine in Japan—A Review from a General Physician’s 
Perspective. Pharmacoepidemiology. 2023;2(3):188-208. 

4. https://www.cov19‑vaccine.mhlw.go.jp/qa/0028.html  

5. https://news.yahoo.co.jp/byline/kutsunasatoshi/20230103‑00329974 

6. https://www3.nhk.or.jp/news/special/coronavirus/category5/detail/detail_32.html 

7. Takemoto Y, Tanimine N, Yoshinaka H, Tanaka Y, Takafuta T, Sugiyama A, Tanaka J, Ohdan H. Multi-

phasic gene profiling using candidate gene approach predict the capacity of specific antibody production 

and maintenance following COVID-19 vaccination in Japanese population. Front Immunol. 2023 Jul 

26;14:1217206. doi: 10.3389/fimmu.2023.1217206. eCollection 2023. 

8. Gilboa M, Gonen T, Barda N, Cohn S, Indenbaum V, Weiss-Ottolenghi Y, Amit S, Asraf K, Joseph G, Levin 

T, Kanaaneh Y, Aydenzon A, Canetti M, Freedman L, Zuckerman N, Mendelson E, Doolman R, Kreiss Y, 

Regev-Yochay G, Lustig Y. Factors Associated With Protection From SARS-CoV-2 Omicron Variant 

Infection and Disease Among Vaccinated Health Care Workers in Israel. JAMA Netw Open. 2023 May 

1;6(5):e2314757.  

9. Epsi NJ, Richard SA, Lindholm DA, Mende K, Ganesan A, Huprikar N, Lalani T, Fries AC, Maves RC, 

Colombo RE, Larson DT, Smith A, Chi SW, Maldonado CJ, Ewers EC, Jones MU, Berjohn CM, Libraty DH, 

Edwards MS, English C, Rozman JS, Mody RM, Colombo CJ, Samuels EC, Nwachukwu P, Tso MS, Scher 

AI, Byrne C, Rusiecki J, Simons MP, Tribble D, Broder CC, Agan BK, Burgess TH, Laing ED, Pollett SD; 

Epidemiology, Immunology, and Clinical Characteristics of Emerging Infectious Diseases with Pandemic 

Potential COVID-19 Cohort Study Group. Understanding "Hybrid Immunity": Comparison and Predictors 

of Humoral Immune Responses to Severe Acute Respiratory Syndrome Coronavirus 2 Infection (SARS-

CoV-2) and Coronavirus Disease 2019 (COVID-19) Vaccines. Clin Infect Dis. 2023 Feb 8;76(3):e439-e449.  

10. Mise-Omata S, Ikeda M, Takeshita M, Uwamino Y, Wakui M, Arai T, Yoshifuji A, Murano K, Siomi H, 

Nakagawara K, Ohyagi M, Ando M, Hasegawa N, Saya H, Murata M, Fukunaga K, Namkoong H, Lu X, 

Yamasaki S, Yoshimura A. Memory B Cells and Memory T Cells Induced by SARS-CoV-2 Booster 

Vaccination or Infection Show Different Dynamics and Responsiveness to the Omicron Variant. J Immunol. 

2022 Dec 1;209(11):2104-2113. 

11. https://news.yahoo.co.jp/articles/e15ad4c20919522cd12325f8d05aadb87f1fcfd1?page=1 

12. https://www.kantei.go.jp/jp/headline/kansensho/vaccine_arch.html 

13. https://twitter.com/kutsunasatoshi/status/1408977523094945793  

14. https://twitter.com/kutsunasatoshi/status/1552908712800423942  

15. https://kuroiwa.com/blog/post-20201110-2/ 

16. https://gentosha-go.com/articles/-/33647 

17. https://www.youtube.com/watch?v=7JBlfRxYLRc 

18. https://www.j-cast.com/2022/11/21450743.html 

19. Kayano T, Ko Y, Otani K, Kobayashi T, Suzuki M, Nishiura H. Evaluating the COVID-19 vaccination 

program in Japan, 2021 using the counterfactual reproduction number. Sci Rep. 2023 Oct 18;13(1):17762. 

doi: 10.1038/s41598-023-44942-6. 

20. https://www.youtube.com/watch?v=pZxRcv2hAyw&t=3111s 

21. https://www.youtube.com/watch?v=F4MhNxm0Rjw 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 January 2024                   doi:10.20944/preprints202401.0376.v1

https://doi.org/10.20944/preprints202401.0376.v1

